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INTRODUCTORY. 

Since  the  departure  of  Colonel  D.  Bruce,  F.E.S.,  for  EuglancI 
on-  August  28,  1903,  the  work  of  the  Commission  was  carried 
on  by  Greig  and  Nabarro  until  November  20,  1 903.  On  that 
date  Dr.  NabaiTO  left  Entebbe  for  England.  The  work  of  the 
Commission  was  conducted  by  Captain  Greig  until  he  was 
joined  on  March  9,  1904,  by  Lieiitenant  A.  C.  H.  Gray, 
R.A.M.C. 

Captain  Greig  left  Entebbe  for  England  on  November  15, 
via  the  Nile  and  Egypt. 

_  This  Continuation  Report  brings  the  Avork  of  the  Com- 
mission up  to  the  date  of  Greig's  departure  for  England. 

In  this  Report  evidence  is  brought  forward  which  affords 
additional  proof  of  the  correctness  of  the  conclusions  arrived 
at  in  the  last  Report.  Further  evidence  is  brought  forward  to 
show:  — 

1.  That  the   disease  is  at  first  a  specific  polyadenitis 

^caused  by  the  Trypanosoma  garnbiense. 

2.  That  in  addition  to  enlargem'ent  of  lymphatic  glands 

the  blood  shows  a  constant  lymphocytosis  at  all  stages 
of  the  disease. 

3.  That  Sleeping  Sickness  is  the  last  stage  of  this  disease, 

and  IS  invariably  fatal.  It  consists  essentially  in  a 
polyadenitis  plus  signs  and  symptoms  due  to  changes 
in  the  nervous  system  ;  the  onset  of  these  signs  and 
symptoms  synchronises  with  the  entrance  of  the 
Trypanosoma  gambiense  into  the  lymph  spaces  of 
the  nervous  system;  this  is  accompanied  by  a  rise 
ot  the  mononuclear  elements  in  the  cerebro-spinal 
fluid. 

4.  That  the  resistance  of  both  men  and  monkeys  to  the 

Trypanosoma  gambiense,  as  judged  by  the  duration  of 
the  early  stage,  varies  greatly,  and  probably  a  certain 
prOT)ortion,  not  yet  exactly  determined,  acquire 
siifficient  immunity  to  arrest  the  development  of  the 
disease  at  that  stage. 

5.  That  the  action  of  arsenic  in  vita  on  the  Trypanosoma 

gambiense  is  partial.  It  destroys  a  number  of  the 
tr}^panosomes,  and  probably  these  act  as  immunising 
agents.  Its  administration  in  the  stage  of  polyaden- 
itis tends  to  help  the  natural  resistance  to  combat  the 
disease. 

6.  That  bacterial  invasion,  chiefly  coccal,  occurs  in  some 

cases,  but  only  in  the  very  last  days  of  the  sleeping 
sicknesK_  stage,  and  therefore  cannot  determine  the 
onset  of  this  phase  of  the  malady. 
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7.  That  iu  addition  to  tlie  Trypanosoma  gambiense,  other 

varieties  of  trypanosoma  occur  in  Uganda  which  are 
pathogenic  to  animals. 

8.  That   these  trypanosomes   differ  entirely  from  Try- 

panosoma gambiense  in  morphology  and  animal 
reactions. 

9.  That  one  o£  these  trypanosomes  is  probably  identical 

Avith  Trypanosoma  hrucei.  The  other  two  differ  from 
it  and  are,  provisionally,  nuolassed. 

10.  That  these  varieties  of  trypanosomes  are  conveyed 
from  the  sick  to  the  healthy  by  the  Uganda  tsetse  fly 
(Glossina  palpalis)  and  not  by  other  biting  flies 
(Stomoxys). 

The  general  situation  as  regards  sleeping  sickness  in 
Uganda  at  the  present  time  may  be  summed  up  as  follows : — 
In  the  sleeping  sickness  areas  from  50  per  cent,  to  75  per  cent, 
of  the  inhabitants  are  in  the  stage  of  polyadenitis  and  are 
carrying  on  their  ordinary  Avork,  because  the  disease  at  this 
stage  produces  few  symptoms  ;  but  they  are  acting  as  reser- 
voirs of  the  parasite,  like  the  wild  aiiiraals  in  the  case  of 
Nagana.  It  is  this  class  of  case  that  is  specially  liable  to 
infect  "clean"  fly  belts.  The  after  history  of  these  early 
cases,  so  far  as  Ave  have  observed  up  to  the  present,  is  as 
folloAvs  :— (1)  That  they  may  terminate  fatally,  either  (a)  by 
]:)assiiig  into  tl\e  stage  of  sleeping  sickness,  Avliich  is  the  most 
frequent  and  usual;  (b)  through  some  intercurrent  affections, 
particularly  pneumonia.  In  this  connection  it  is  interesting 
to  note  that  Dr.  Albert  Cook  has  observed  that  the  admissions 
for  pneumonia  to  the  C.M.S.  Hospital,  Mengo,  have  risen 
markedly  Avithin  the  last  tAvo  years.  (2)  That  they  remain  in 
good  health  for  long  periods,  indicating  that  at  least  a 
'•  tolerance  "  to  the  parasite  has  been  acquired.  The  question 
then  arises :  Avill  any  of  these  individuals  acquire  sufficient 
inmiunity  to  destroy  the  parasite  at  this  stage  ?  Can  they  in 
fact  become  "  salted  "  ?  and  fui'ther,  can  this  immunity  by  any 
means  be  artificially  increased  ? 

From  reports  just  received  there  is  reason  to  belicA^e  that 
the  hitherto  "  clean  "  fly  belt  on  Lake  Albert  and  the  Nile  has 
become  infected.  The  suspected  district  is  Bugungu  near 
Fajao,  where  the  Glossina  palpalis  Avas  obtained  last  year.  The 
subject  is  being  further  investigated.  If  the  disease  is  sleeping 
sickness,  the  infection  must  have  been  either  carried  across 
Unyoro  from  Uganda  or  travelled  along  the  Nile  from  Usoga. 
As  the  Glossina  palpalis  has  been  found  at  Nimule  and  probably 
exists  north  of  tliat,  the  disease  Avill  involve  an  extensive  tract 
of  fresh  country.* 

*  The  iiio.sL  iccciit  lleports  conlirni  the  original  information  tliat 
sleeijing  .sickness  has  broken  ont  in  this  area.  Captain  Cheig  is  proceeding 
to  England,  mHhe  Nile  and  Egypt,  in  order  to  investigate  this  outbreak 
and  also  to  determine  the  presence  or  absence  f)f  (ilossi/ia  2Mlpalis  and 
trypanosomiasis  in  E"ypt.  The  results  of  this  exjiedition  will  be  reported 
on  its  completion,  viae  lieport  12  (p.  273). 
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_A  feature  iu  the  morbid  tiuatomy  of  sleepiug-  sickness,  to 
Avbich  _  attention  bas  not  iDrevioiisly  been  directed,  is  a  curious 
condition  found  in  tbe  stomacb.  In  a  number  of  cases  tbe 
org-an  was  found  to  contain  'a  quantity  of  dark,  semi-fluid 
material.  Tbe  mucous  membrane  sbowed  a  remarkable 
alteration ;  it  was  studded  with  areas  of  varying  size,  baving  a 
dark  centre  and  a  light  red  periphery.  They  were  most 
numerous  towards  the  pyloric  orifice,  vide  Plate  7,  p.  266.  On 
microscopical  examination  they  were  seen  to  be  petechial  hsemor- 
rhages  into  the  mucous  membrane,  which  had  broken  down  and 
formed  superficial  ulcers.  No  ova  of  Bilharzia  were  seen  in  the 
scrapings.  A  full  account  is  given  in  the  histories  of  the  cases 
recorded  in  the  Appendix.  In  all  cases  in  which  the  stomach 
was  inspected  this  condition  was  met  with.  The  condition  is 
comparable  with  the  petechial  hasmoiThages  met  with  under 
the^endo-  and  epicardium  of  the  heart  in  trypanosoma  infectious. 

The  members  of  the  Commission  take  this  opportunity  of 
expressing  their  most  sincere  thanks  to  Colonel  Hayes-Sadler, 
C.B.,  His  Majesty's  Commissioner  and  Consul-General,  Uganda, 
lor  his  constant  kindness  and  encouragement ;  to  Mr.  George 
Wilson,  C.B.,  His  Majesty's  Acting  Commissioner,  Uganda,  for 
helpmg  forward  the  work  of  the  Commission;  to  Mr.  W. 
Grant,  C.M.G.,  for  his  co-operation  in  the  work  in  Busoga  :  to 
™,  P.M.O.,  for  facilities  afforded;   to   Dr.  Mofi-at, 
b.M.G.,  lor  his  valuable  help  and  advice;  to  the  Bishops  of 
the  various  churches  and  then-  missionaries.    We  desire  to 
express  our  best  thanks  to  Professor  Ray  Lankester,  the  Direc- 
tor, to  Mr.  Austen,  the  entomologist,  and  Mr.  Jefi"rey  Bell, 
ot  the  British  Museum  (Natural  History),  for  their  kindness  in 
examining  and  reporting  on  specimens  sent;  lastly,  to  Mrs. 
J5race  tor  several  very  accurate  coloured  drawings,  and  to 
U)lonel  Bruce,  F.R  S.,  whose  co-operation  in  England  has  been 
ot  the  greatest  value  to  us  here. 

1.  The  lymphatic  glands  of  every  case  of  sleeping  sickness  are 
enlarged  and  the  juice  taken  by  puncture  during  life  contains 
many  active  trypanosomes  and  also  disintegrating ' fonns. 

Every  case  of  sleeping  sickness  here  has  shown  enlargement 
ot  the  lymphatic  glands.  The  enlargement  of  the  femoral, 
inguinal,  axillary  and  superficial  cervical  glands  can,  duriug 
me,  be  readily  determined,  and  after  death  the  abdominal, 
thoracic  and  deep  cervical. 

In  the  Proceedings  of  the  Royal  Society  for  May,  1904,  it 
was  pointed  out  that  the  juice  of  the  lymphatic  glands, 
especially  the  posterior  cervical  glands,  contains  many  active 
tryiDanosomes  in  all  cases  and  at  all  stages  of  sleeping  sickness. 

feome  of  the  juice  can  easily  be  obtained  by  punctnring 
a  superhcial  gland  in  the  posterior  triangle  of  the  neck  with  a 
hypodermic  needle  and  sucking  it  into  the  needle  by  means  of 
a  syrmge.  1  he  drop  is  then  blown  out  on  to  a  sli'de,  covered 
with  a  cover  glass  and  examined  under  a  low  power,  150  to 
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200  diametevK  of  the  microscope — Zeiss  16  mm.  objective  and 
Nos.  12  or  18  eyepiepe.  Tbe  trypanosomes  are  numerous  in 
the  juice  and  are  readily  found  after  a  short  search.  In  stained 
preparations,  in  addition  to  well-formed  trypanosomes,  there 
exist  a  considerable  number  of  disintegrating  forms,  suggesting 
that  destruction  of  trypanosomes  takes  place  in  the  glands. 
Similar  preparations  from  a  drop  of  peripheral  blood  were 
prepared  and  examined  at  the  same  time,  but  a  prolonged 
search  in  the  majority  of  cases  failed  to  discover  the  presence 
of  trypanosomes. 

A  practical  outcome  of  these  observations  will  be,  that  the 
recognition  of  sleeping  sickness  in  its  earliest  stages  will  be  a 
matter  of  easy  accomplishment :  the  enlargement  of  the 
superficial  lymphatic  glands  presents  a  sign  which  will  arrest 
the  attention  of  the  observer,  and  the  determination,  by  the 
above  method,  of  the  presence  of  trypanosomes  in  them  can  be 
very  simply  carried  out. 

The  trypanosomes  are  present  in  small  jiumbers  in  the 
peripheral  blood,  but  from  time  to  time  an  increase  in 
their  numbers  takes  place.  This  increase  suggests  that  an 
occasional  overflow  from  the  glands,  to  which  they  are  chiefly 
confined,  takes  place.  The  trypanosomes  are  sometimes  more 
numerous  in  the  blood  taken  at  niglit  time. 

The  juice  of  the  gland  was  found  sterile  and  free  from 
streptococci  even  at  a  late  stage  of  the  disease.  As  will  be 
shown  later,  the  streptococcic  invasion  occurs  only  when  the 
patient  is  moribund. 

A  point  of  interest,  in  connection  with  glandular  enlarge- 
ments due  to  Trypanosoma  gambiense,  is  that  in  monkeys 
which  have  been  inoculated  with  the  trypanosoma,  glandular 
enlargement  is  not  so  marked  as  in  man,  the  parasite  being- 
found  more  frequently  in  the  blood  of  monkeys,  the  disease 
being  in  monkeys  more  a  blood  one  than  is  the  case  in  man. 
This  absence  of  gland  enlargement  in  monkeys  might  explain 
why  the  mononuclear  exudation  which  is  present  in  all  cases 
of  sleeping  sickness  (Mott)  is  not  also  seen  in  monkeys. 

The  following  table  shows  the  result  of  these  enumerations 
at  all  stages  of  the  disease  in  cases  of  sleeping  sickness  :— 
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2.  The  hjmpJiadG  glands  of  cases  of  so-called  "  Trypanosoma 
Fever  "  are  enlarged  and  the  juice  taken  by  puncture  during 
life  contains  active  and  disintegrating  trypanosomes. 

The  early  cases  of  trypanosomiasis  examiued  here  liave  all 
presented  enlargement  of  the  lymphatic  glands  and  on 
puncturing  them,  active  trypanosomes  have  been  readily 
found.  At  this  stage  of  the  disease  the  condition  is  essentially 
a  polyadenitis. 

_  Sleeping  sickness  is  this  specific  polyadenitis  with  signs, 
ongmating  in  a  derangement  of  the  nervous  system  due  to 
changes  produced  by  the  presence  of  the  parasites  there, 
superadded. 

_  The  occurrence  of  enlargement  of  the  lymphatic  glands 
with  the  presence  of  trypanosomes  in  number  ha  both  early 
cases  of  trypanosomiasis  and  sleeping  sickness  affords  ad- 
ditional evidence  in  favour  of  the  unity  of  the  two  conditions. 

The  natives  themselves  are  aHve  to  the  fact  that,  when  the 
glands  in  the  neck  become  enlarged,  they  will,  sooner  or  later, 
pass  into  the  stage  of  sleeping  sickness,  and  their  custom  is. 
then,  to  eat  up  their  live  stock,  goats,  chickens,  &c. 
•  •  In  the  above  table  the  results  of  the  examination  of  these 
early  cases  are  given. 

From  the  above  observations  the  next  question  arises  


o.     What  is  the  Incidence  of  enlargement  of  lymphatic  glands 
amongst  the  general  population 

It  seemed  iniportant  to  test  the  above  observations  on  a 
large  scale.  If  trypanosomiasis  causes  adenitis,  cases  of 
enlargement  of  glands  should  be  more  numerous  in  the 
sleeping  sickness  areas  than  in  the  non-sleeping  sickness 
areas.  The  incidence  of  gland  enlargement  in  the  sleepmg 
sickness  areas  would  be  a  gauge  of  the  incidence  of  trypano- 
somes in  the  general  population  in  sleeping  sickness  areas, 
because  the  majority  of  cases  coming  from  sleeping  sickness 
areas  with  enlarged  glands  have  on  examination  showed  the 
presence  of  trypanosomes  in  the  glands. 

In  the  sleeping  sickness  areas  the  incidence  was  obtained  by 
the^help  of  the  Rev.  H.  T.  C.  Weatherhead,  B.A.,  in  the  islands 
of  Sese  and  Kome. 

The  results  of  these  enumerations  are  given  in  the  following- 
lists.  These  have  been  given  in  full,  and  as  each  uidividual  in 
these  sleeping  sickness  areas  has  been  accurately  located,  they 
will  be  of  importance  in  following  out  the  after  history  of  the 
patients : — 
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Examination  of  population  of  "  B.  Non-Sleeping  Sickness 
Areas,"  showed  that  the  incidence  of  gland  enlargement  was 
low. 

4.    Lymphocytosis  occurs  in  all  cases  of  sleeping  sickness. 

Enlargement  of  lymphatic  glands  being  a  constant  featm-e 
in  sleeping  sickness,  it  was  a  matter  of  importance  to  detennine 
whether  the  lymphocytes  in  the  blood  show  an  increase  in 
numbers.  This  point  is  of  interest  further,  because  the  most 
constant  lesion  foimd  in  the  nervous  system  of  sleeping  sickness 
cases  is  an  accumulation  of  cells  of  this  nature  in  the  perivas- 
cular lymph  spaces. 

In  uncomplicated  cases  of  sleeping  sickness  anaemia  does 
not  occur,  the  number  of  the  red  cells  and  the  percentage  of 
haemoglobin  being  normal.  Towards  the  end,  in  a  certain 
proportion  of  cases,  the  number  of  red  cells,  the  percentage  of 
haemoglobin  and  the  specific  gravity  rise  above  the  normal. 
These  cases  did  not  present  any  signs  of  cyanosis.  The  examina- 
tion of  the  bone  marrow  in  one  of  these  cases  showed  a  very  large 
number  of  nucleated  red  cells,  chiefly  normo-blastic,  but  some 
megalo-blasts  were  also  present. 

Mast  cells  were  present  in  the  blood  of  all  cases  to  the 
extent  of  about  1  per  cent. 

The  eosinophiles,  also,  form  a  higher  proportion  of  the 
leucocytes  than  is  normally  met  with. 

The  examination  of  the  blood  was  made  by  means  of  a 
Thoma-Zeiss  blood  counting  apparatus  and  a  Gowers' 
haemoglobinometer. 

It  was  also  found  that  the  trypanosomes  were  more 
numerous  in  the  blood  at  night  time. 

The  following  table  shows  the  result  of  the  enumeration  of 
the  blood  cells  and  the  percentage  of  haemoglobin  in  57  cases 
of  sleeping  sickness : — 


19 


<D 


00 

60 
ei 

a 

o 

V 


;  (M  (M  O 

;  j>  j>  t~ 


;  00 


:    o  o  o 

-  00  OS  00  Oi 


;  o  M  o 


05  lO 
1— I  lyi  r-l  r-l 


T— I  a 

CO 


00 


CO  CD  Its  W  00  00 
1— I      1-H  Tj)  oq  CO 


CO 


Ph 


o 


O  (B 

1:6  to 


0) 
bo 

<1 


O 


*  OS 


CO  Ol  >C  CO 
CO  10  ^  xt< 


CO  CO 


00 
5^ 


03         00  00  10  I— I 

CO  10       (M  (M  (M 


CO  CM 


1^ 
CO 


CO  CD  CO  m 
lO  (M  CO 


CM  1:^ 

CO  10 


O  CN  OS  x«  10  (M 
O  CM  Cq  CN  CO  CO 


CM  CM 

>o  in 


CO 


000 
»o  o  00 
;     O  CD 

'  oo"o"Tf 

rH  I> 


O 
O 

:  00 
•  cd" 


o 
o 
o 


o 
o 
o 


000000 

O  O  O  O  JD-  o 
CD^  O^  03^      C0_  O^ 

Gd''crco'~co~  (sTo" 


o  o 

CD  o 


o 

CD 

o 


000 
000 
000 

'  o'co  O" 

'^00 

CO  ^  CO 


o 
o 
o 

■  o" 

■  o 

C5 
CO 


00000 
00000 
00000 

'  o  o^o^o^o" 
'  o  o  o  o  o 
cjq^co^o^o^co^ 

io  o  lO  icTicT 


o 
o 
o 

'  <s 

'  o 
o 


CM  M 


(M  CO 


CO 


IS 
d 

CM 


CO 


E^*     N  ^ 


0-  „„    CM„    >n     o     o   „  „  „  ^  ^  o 

1-  H"'-'"      (—1'-      CM  1— I        CM     ^    ^    -    -    -      CO"  CM 


J4 

73 


X3 
OS 


o 


o 


so 


CD 


CO  CM  10  O       CO  lO 


^  0) 
1^ 


pd 

o 


00  ■— I  1— (  O  1— I 
i-H  f-4  (M  r-l  eO 

-1I  1-5 


rH  t~ 
G1 


c  2 


CM 
CM 

o 


20 


CO 

a 

o 

Si 

D 


h4 


p-i 


b 


CO 


O  03 

bog 


M 
<i> 
W 


a 


o 
1Z( 


IS 


:  oq  w 
•  O)  o>  O) 


:  (M  o 

.  00  00 


:  o  00 
•  00  (o 


o  o  — I 


0<l 


rj(       00  1-1  M 


X  05  00  CO 


O  d  "O 


1-1 


1-1  00 


CO 


03  as  m  r-i 

(M        rH  CO 


CO 


>0  05  O  I— ' 

CO  ■'J'  >n 


00  o 
CO  ^ 


05  CO 


CO 


CD       <J5  CO  O  CO  <M 

CO  ^  ^ 


00 
CO 


r-i  (M  m  o 

lO       OI  CO 


o 

CO  ^ 


05  0> 
lO  CO 


eo 


o 
o 

05 


o  o  o  o  o 
o  o  o  o  o 
vf  oi  co_cN_oq^ 

co"— To^i-Tt-^ 


O 
o 

lO 

ccT 


o  o  o  o 
o  o  o  o 

■*_^00  00  CN^ 

c£rt>  j^csT 


o  o  o 

o  o 

o 

o  o  o 

1-  o 

o 

OO^CO^I^ 

00_^OJ 

CD  cd" 

1—1 

o  o  o  o 
o  o  o  o 
o  o  o  o 
:  o  o"o  o" 
'  o  o  o  o 

CO  iC       I  - 


o  o  o 
o  o  o 
o  o  o 

'  o  o  o 


O  O 

o  o 
o  o 

'  o  o 


O 

o 
o 
o 
•  o 


CO 


0) 


41 
fcJO 


is 


CO 


S- 
cS 


>0  00 
1-1 


CO 


CO 

oa 


CD  ^ 
CO  " 


P 

d 

a 

ro 


o 

a 

o 


s 


CO 

S 
pq 


.bo 
'u 


00 


OS  s 


O      1-1  - 


CO 


eo 

a 

Li 


t~  OS  eo  o  i» 
(N  1-1     e<s  1-1 


00 


00  »^  >a 

(N       0«  i-i 

-  e 
■  s> 


00  Tjl 

t3  a  s 

is  3 


eo  OJ 

O  Ui 


21 


.  CD 


'  CO 


00  lO 

1-^ 


o 

00 


CO 


to 


o 
o 


rt<  O 
CO  CO 


;  00 


;  00 


O  O      ^  O  <M 


CO 


»o  »o  o  m  CO  1 


05 


05  CM       lO  05  CO 


CO  CO 
oq  1-1 


o 


CD 


CO 


CO  00  (M  I— I  (jq  CO 

r-H  CM  CM  r— I  I— I  T— I 


Oq        O  i-H 
CO 


05  Cn 
^  ^ 


a 

o 

•I-H 

ci 
> 


^  CN 


CO 

CO 


CM 


05 
CN 


CO 
CO 


I>  (M  Tj(  CD  CM 
(M  CO  CO  CO  cc  w 


00 


O  Jr- 


(M  CO  in 

Tt<  CO  CO 


a) 
m 

o 


CO  lO 


O 

CO 


CM 


00 


o 

CO 


CM  lO  I-H  O  05 
lO  CO  CO  lO  lO 


o 
o 

05 


2  <=> 

O  O 

co_o 


O  O  o 
o  o  CO 

0(3^  CN  O 

J>  i-ToT 


o  o  o  o 
o  o     o  o 

CO  >0       O  (M 


CM 


o 
w 
o 


o 
o 

CO 


o  o  o  o 
o  o  o 

co"in"ocrco" 


o 
o 
:  o 
■  oo" 


« 
ei 

a 

3 


O 

o 
o 


o  o  o 
o  o  o 
o  o  o 
o~o~o" 
o  o  o 

lO  lO  CO 

■*'io''in" 


o  o 
o  o 
o  o 

o~o" 
o  o 

TjH  CO 


o 
o 
o 
o" 
o 


o 
o 
o 

o" 
o 


o 
o 
o 

o" 

o 
to 


o 
o 
o 

o" 
o 
o 


o  o 
o  o 
o  o 

o"o" 
o  o 
00  o 


o 
o 
o 

'  o" 

'  o 
CM 


o 
o 
o 

'■  o" 
'  o 
o 


dy  stage 

CO 

el   R  s 

CM 

tD 

T3 

CO 

■4J 
03 
I-H 

rH 

CO 

n3 
;^ 

CM 

+3 

m 

rH 

+3 

m 

I-H 

m 

r-H 

2nd 

^ 

l^-  R  r  .  .  . 

CO 
CM 

o 

(M 

o  ,  „ 
CO  " 

o 

CM 

CO 

CM 

00 

T— ( 

CO 

00 
r— 1 

CO 
rH 

I-H 

s 
to 
c 

a 


c3 

a 


•a 

P 


a 


I 


B 

a 


o 
bo 


1^ 


03 


P 


P 

03 


Sc 
3 
o 

<A 
c6 

M 


a 
w 


CO  „ 


00  OS 


O  I-H 

CM  0<1 


CM 
CM 


CO 

CM 


CM 


CM 


CO 
©4 


05  O 

CM 


rH  C5  00 
l-H  i-i  CM 


CO 


CO 


CO 


lO  05 


00 

CM 


o 

CO 


CO 


lO  CO  05  CO  CM  (M 
rH  I— I  rH  CM  rH 

"  "  "  p   J:  3 


22 


bO 
ci 

4-> 

o 


►4 


m 
O 


O 

p4 


o  a> 

tie  a) 
^  .2 


in 


a 


o 


4)  ^ 


00 


o 

00 


o  o 

05  OS 


00  ' 


O  *1 

.  o  o  o 


00 


CO 

00 


00 


;  t-  M 


1^  to 


in 


^  o 

(N  rH 


I— t  05  »C 
<N  1-1 


00 


>0  (M 
CO  lO 


O  CO  CO  CO 
CO  CO  CO  CO 


CO 


00 


CO 


05 


CO 


CO 
CM 


T-H  CO 

CO  0<l 


O  rfi  CD  >n  o 
CO  O  -"l*  >o  VO 


CO 


o 
o 


00 
CO 


o  o 
CO  o 

oT  co" 


o 
o 


88 

00  00 


05  1— I  rl 


So  o  o  o 
o  o  o  o 
O^i>^oq^»q_co_^ 


8 

CM 


o 
o 

00 

CD 


O  O  Q  O  O 
O  O  Q  Q  O 
O  O  O  O  O 


O  O 
O  O 
O  O 

o"o" 
o  o 
o^co_ 


o 
o 
o 


o 
o 
o 

o" 
o 

CO 


CO 


03  CZ3  ri  CC 
-        --I        i-l  --I 


T3  TJ 


CD  1>  00 
1-1  CO 


o  o 

(N  CM 


a 
w 


CO 

CM 


o 


bo 
o 

CO 


00 


3 

d 
o 

1^ 


a 

S3 


o 

CO 


-a 
o 


c 
o 

a 


i 

PQ 
a 


CO 


CO 


Til  T)< 
r-l  i-l 

p 

1-9 


J>  Tj<  lO  05  rH  00 
,— I  rH  I— I  I— I  (J<  1—1 

"73    5  E  S 


CO 
CO 


CO 

CO 


CO 


o 

CO 


00 
CO 


05 


o 

8 

co" 


8 

o 
o 


a 


s  ^  p4  ^     =  s  —  —  §  s  ^ 


CO 


bo 

I 

M 


•0 


o 


23 


lO 


o 


o  in 

00  00 


CM 
00 


:  o 

.  05 


05 


CM 

00 


O  G<1 
1^  00 


05 


CD  00 
CO  CD  JO 


O  CM  O 

00  00 


X  00  o 
t  -  00 


CM 
CO  CM 


00 


i-H  05 


CO(M       COCOOO       CMOqOS  O5C0C0 


00 


OS  O 


00  lo 


CM 


(M  I— I  r— ( 


CO  CO 


CM  CO 


O  00  CD 
CO  i-H 


CO 

CM 


o 


05  >0 
rH  CO 


CM  CO 
CO  ^ 


00 


00 
CO 


CO  CM 
i-H  CO 


CD  rH 

00  lO 


CO  ^  05 
^  CO  CO 


O  >-l  00 

CO  CO 


00  i-H  CO 

CM  ■<*<  CO 


o 

CD 


o 

CO 


00  CO 
(M  CO 


00  7-1  Oi 
CM  CO 


CO 


O  CM  00 
CO       CO  Tt< 


O  CO 

CO 


00  o 
CO  CO  1-H 


t~  O 

Tjl  CM  CM 


CO  CO  00 
CO  CO  G<l 


o 

o 

o  o 

o 

o 

o 

o  o 

o 

00 

CO 

CM 

co" 

o" 

co'co" 

cm" 

CM 

1— 1  r-l 

CM 

o 
o 


O 
r— 
CO 


o 
o 


<3S  CO 


o  o 
o  in 

o"ocr 


o  o 

lO  o 

(M  O 


o  o  o 
o  >o  o 

O  00  CO 


o  o  o 
o  o  o 

O  00  00 


CO  CD  CD       (M  CO  O 


o  o  o 

CM  O 

1—1  00  T— I 

CO  rH  05 


o 
o 
o 
o" 

o 

CD 

cm" 


o 
o 
o 
o 
o 

00 

co" 


o  o 
o  o 
o  o 

o  o 


o 
o 
o 

o" 
o 
o 


o 
o 
o 

'  o" 
'  o 
co^ 


o 
o 
o 

o~ 
o 

CM 


o 
o 
o 
o 
o 


o  o 
o  o 
o  o 

CD  CD 
lO  O 
CO  o 


o  o 
o  o 
o  o 
o~o" 
o  o 


o  o  o 
o  o  o 
o  o  o 

o  o  o 

JO^O  CO 

co^TiTTir 


o  o  o 

Q  O  O 

o  o  o 
o  o"o" 
o  o  o 

00  CM  05 

^  ^ 


o  o  o 
o  o  o 
o  o  o 
o-o^o" 
>n  o  o 
cq^ot3^cq_ 


CO  CM 


03 
Sh 

CO 


'2 

CN  '-' 


a) 

(D 

bD 

bD 

c6 

cS 

CO 

HQ 

>-> 

T3 

rH 

CO 


CO 


ci 

09 


bo 

c3 


is 


o 

in 

r-l 

-     00      o    -  «o 

I-H     "      ^       CM     -  CM 

>ft       >0     „      00  „ 
CM       CO     "      rH  - 

lO    ^   -      CD    ~  - 

CM    "           CM     "  - 

CM     "  " 

0) 
Hi 

o 
o 


o 


a 

S3 


rO 


03 

a 
Cs3 


a 
o 


c3 
O) 

H 


CO 


CO 

CO 


CO 


00 

CO 


05  - 
CO  •> 


O  rH 

•<1< 


eo 


„  CO 


CM 


CO 

CM 


CM  rH 

s  PI 

3 
t-5 


CO 

CM 


OS  00 

CM  rH 

i-s 


Oi 

CM 


OS 

(M 


CM 

O) 

D 
1-9 


CO  o 

CM 


00  JO 


1-3  t-S 


CM  O  1^ 
r-l  r-t  r-l 


2?       P       OC005       OOO       00CO5O       CO       CO       CD       in       fM-rt*  -« 


CO       CO       WCOQO       COCO       I>CS!M       lO       O       (M       05       MI>  CO 


o 

O 
O 

a- 
o 
o 


0) 
bo 

to 


C<3 


(X)  O  00 
CO 


DC  CO 
CM  Tjl 


O  05  lO 


o 

CD 


o 


lo  o 
cc 


CO 


<N  0-1  (MO 
-rt*  CO       lO  'S' 


M  CO  I 
CO  I 


00 
(M 


o 

CO 


CM     oi  a  00 

CO       CO  (N  G-l 


1  S 


888 

o 

00  05"  o" 


o  o 
o  o 

05  00 

o".-r 


220 
000 

O  O  10 


o 

CM 


00 


o 
o 

CO 


o 
o 

00 


o 
o 


05 


58 

o  to 
o5"i-r 


1^ 

co" 


o 
o 
o 
cT 
o 
o 


000  00 

000  00 

o  o  o_  o  o 

o  o  CO  00 

tN  1— I T— I  00 


000 
000 
000 

O  O  10 
lO  CO 

T+1 


o 
o 
o 

o" 

o 


o 
o 
o 
o" 


o 
o 
c:5 


o 
o 
o 

c5~ 
o 

CO 

to 


88 

o  o 
o  o 
10" 


c 
o 
o 

o" 
o 

CO 


CO 


T3 

a 


'7- 


CO 


10 

0 
CO 

1— 1  " 

0   „  „ 

G-1 

(M 

0 
CM 

1— 1 

0 

(M 

^    ^  ^ 


N 

tsn 

a 

N 


0) 
D 

a 


o 


iSJ 


3 


s 

3 
CO 


0; 

a 
o 


<u 
CO 


03 


00 


O 


CM 

o 


CO 


in 


CO 

10 


1^ 

ITS 


CO 


3 
►-5 


c::  01 


CO  10  -* 

I— I  I-H 


05 
CM 


00 


CM 


<M  I-H 


K  CJ 

o 


25 


Following-  the  sng-gestioii  of  Mr.  Plimmer,  who  found  that 
the  trypanosomes  Avere  more  numerous  in  the  blood  of  animals 
at  night  than  in  the  daytime,  some  observations  were  made 
with  the  object  of  determining,  whether  this  was  the  case  in 
men.  It  will  be  seen  from  the  following  table  that  some 
periodicity  seems  to  exist  in  man  also.  The  percentages  which 
are  taken  as  a  rough  index  of  the  number  of  trypanosomes 
present,  in  a  slide,  refer  to  the  number  of  trypanosomes  per 
polynuclear  leucocytes  counted : — 


Date 
1904. 

Name. 

No. 

Parasites  in  blood, 
daytime. 

Parasites  in  blood, 
night  time. 

Filar. 

Mai. 

Tryp. 

Filar. 

Mai. 

Tryp. 

per 
cent. 

per 
cent. 

J une  21 
23 
„  22 

>»  )' 
„  23 
„  22 
))  )) 
j»  )) 

Kitsame 
)) 

Arcadi 

Asuroani 

Tenwa 

Jtima 

Hamesi 

Juma 

303. 

69/k.P. 
69/Z.D. 

302 
69/J.Q. 
69/F.V. 
69/J.Q. 

+  4 
+  3 
+  1 

+  1 

+  8 
+  10 
+  1 
+ 
+ 

+  2 

5.  The  cells  of  the  cerebrospinal  fluid  of  sleeping  sickness  cases 
taken  during  life  hy  lurnhar  puncture  are  lymphocytes  and 
are  more  numerous  in  the  late  stages  of  the  disease. 

_  Having  seen  that  the  lymphocytes  of  the  blood  are  increased 
m  number,  the  next  step  to  take  was  to  determine  whether 
during  life  these  elements  were  present  in  number  in  the 
cerebro-spinal  fluid  of  sleeping  sickness  cases.  The  total 
number  oi  cells  per  c.mm.  of  cerebro-spinal  fluid  was  determined 
by  means  of  a  Thoma-Zeiss  apparatus.  Stained  preparations 
were  also  made  of  the  sediment  obtained  by  centrifugin^.  The 
cells  were  found  to  be  all  lymphocytes. 

From  a  study  of  the  following  table  it  will  be  seen  that 
tHere  is  a  progressive  rise  in  the  number  of  lymphocytes  in  the 
cerebro-spmal  fluid  as  the  disease  advances,  the  foliowina-  are 
the  averages : — 

23  per  c.mm   Early  Stage  (Polyadenitis) 

257  per  c.mm.    1st  Stage  (S.S.) 

dbb  per  c.mm   2nd  Stage  (S.S.) 

730  per  c.mm   3rd  (S.S.) 

This  result  is  of  considerable  interest  when  considered  in 
connection  with  the  post-mortem  appearances  found  in  the 
nervous  system  of  sleeping  sickness  cases ;  these  were  shown  by 
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Mott  to  consist  essentially  of  an  accnmulation  of  mononuclear 
cells  in  the  lymph  spaces  of  the  brain. 

The  following  table  shows  the  result  of  the  estimation  of 
the  specific  gravity  oi,  the  reaction  of,  the  total  and  differential 
enumeration  of  the  cells  and  the  presence  or  absence  of 
trypanosomes  in,  the  cerebro-spinal  fluid  taken  during  Ufe  by 
lumbar  puncture  from  cases  of  sleeping  sickness  at  all  stages  of 
the  disease : — 
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Specific 
Gravity. 
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6.  The  gland  juice  in  a  certain  proportion  of  cases  in  the  last  stage 
of  the  disease  becomes  infected  by  bacteria,  especially  diplo- 
sireptococci. 

In  view  of  the  fact  that  some  iiiipoi'tance  has  been  attached 
to  streptococci  as  playing  a  part  in  tlie  causation  of  sleeping 
sickness,  a  series  of  examinations  of  the  gland  juice  were  made 
in^  a  number  of  cases  at  intervals  in  the  course  of  the  disease 
microscopically  and  culturally.  The  result  of  these  observations 
showed,  that  a  number  remained  cases  of  pure  trypanosoma 
infection  to  the  end,  the  cultures  made  from  the  glands,  blood 
and  cerebro-spinal  fluid  reniained  sterile.  On  the  other  hand 
in  a  proportion  of  cases  an  invasion,  chiefly  by  diplo- 
streptococcus,  did  occur,  but  by  the  results  of  the  examination 
at  different  stages  of  the  disease  it  was  possible  to  locate  it  to 
the  final  stage  of  the  disease,  when  the  patient  was  practically 
moribund. 

These  cases  at  this  stage  of  the  disease  have  invariably 
numerous  foci  of  suppiiration  on  the  hands  and  feet  due  to 
jiggers,  also  there  is  frequently  before  death  a  purulent 
discharge  from  the  gums :  their  vitality  and  resisting  power  is 
a  negative  quantity. 

The  results  are  fully  recorded  in  the  histories  of  the  cases 
of  sleeping  sickness  given  in  the  Appendix.  The  following  table 
shows  the  frequency  of  the  occurrence  of  this  bacterial  invasion 
in  sleeping  sickness  cases  and  the  period  of  the  disease  at 
which  it  takes  place  : — 


29 


Diplo-streptococci  in  : — 

Cerebro-spinal 
Fluid. 

•  •  • 

Absent. 
Present. 

•  •  • 

Absent. 

•  •  • 

Absent. 
Pneumococcus. 

• 

•  •  • 

Absent. 

Blood. 

Absent 

• 

Present 

•  •  • 

Absent 
Absent 

B.  ColiCom.  ... 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

Absent 

Lymph 
glands. 

Absent 

Present 
Absent 

,)  ... 

33  ••• 
33  ••• 

Present 

(Pneumococcus) 
Absent 

Present 

Absent 

33  ••• 

33 

Date  of 
Examinations. 
1904. 

March  15 
Juue  6 
18 

March  17 

24  ... 

March  19 
April  21 
•  June  4 

11  ... 

March  25 
June  30 
July  22 

March  28 
June  12 

April  9 

20  ... 

May  8 

April  25 
May  9 

19  ... 

Date  of  Death. 
1904. 

June  18 

March  24 
June  11 

July  22 

June  16 
May  8 

19 

00                CO            CM                     00                O            00  o 
rH              (M                         rH                   Tf(  (jq 

1 

Sabakaki   

Zeridau   

Abimerika   

Wasiwa   

Kirongo 

Zumageza   

Usniani   

No. 

rH               SI           ^5                    rj<               lO           CO  1:~ 
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Diplo-streptococci  in  : — 

Cerebro-spinal 
Fluid. 

Absent. 
Present. 

Present 
Absent. 

Present. 

Blood. 

Absent 
Present 

•  •  • 

Present 
Absent 

Present 

Lymph 
glands. 

"S     ^     -             -S  s 
S              S     Q     S  S 
1  .     -         1         .  .  .    1  .        .  .|  p 

<|    Ph             <!  Ph 

Date  of 
Examinations. 
1904. 

May  6 

24  ... 

May  5 
July  12 

24  ... 

May  11 
June  1 
July  14 

19  ... 

21  ... 

21  ... 

March  14 
June  5 

15  ... 

May  25 
June  19 

25  ... 

26  ... 

Date  of  Death. 
1904. 

May  24 
July  24 

July  27 

June  15 
„  26 

Rex 

A  OTP 

CO        <M           w  CO 

Name. 

Msake 

Hamisi   

Arcadi  

Sempagama   

.Usmani   

No. 

=0        o>           o                     S  S 
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7.  D  oes  the  injection  of  a  pure  culture  of  diplo- streptococci  obtained 
from  sleeping  sickness  cases  modify  the  course  of  the  disease 
produced  in  monkeys  by  the  Trypanosoma  gambiense  ? 

Dr.  Mott  in  a  letter  forwarded  to  the  Commission  suggested 
that  it  would  be  of  interest  to  test  the  effect  of  injection 
of  diplococci  obtained  from  cases  of  sleeping  sickness  into 
monkeys  suffering  from  trypanosoma  infection.  A  pure  culture 
in  broth  of  a  diplococcus  obtained  from  the  cerebro-spinal  fluid 
of  a  case  of  sleeping  sickness  was  used  for  the  experiments. 
The  injections  were  made  subcutaneously  and  a  large  number 
of  germs  were  introduced.  The  effects  of  the  injection  were 
observed  in  a  healthy  monkey,  a  monkey  infected  with 
Trypanosoma  gambiense,  which  showed  at  the  time  of  injection 
the  parasite  in  the  blood  and  only  slight  chnical  manifestations, 
and  finally  a  monkey  infected  Avith  the  same  trypanosoma,  but 
showing  very  well  marked  clinical  signs.  This  injection  did 
not  produce  any  alteration  of  temperature  or  other  morbid  sign 
in  the  healthy  animal,  nor  in  the  animal  infected  by  the 
trypanosomes,  but  at  an  early  stage  of  the  disease;  in  the 
monkey  which  was  seriously  ill  at  the  time  of  injection  it 
produced  a  local  suppuration.  It  is  apparent  from  these 
observations  that  the  streptococcus  found  in  the  tissues  of 
sleeping  sickness  cases  has  very  low  pathogenic  properties,  and 
only  gains  a  footing  at  all  when  the  resisting  power  of  the 
tissue  is  greatly  diminished.  It  does  not  modify  the  course  of 
the  disease  produced  in  monkeys  by  the  Trypanosoma 
gambiense. 

The  following  experiments  show  the  effect  on  monkeys  of 
the  injection  of  a  pure  culture  of  diplo-streptococci  from  sleep- 
ing sickness  cases : — 

Experiment  285.   Monkey,  small  (Cercopithecus  sp.). 

To  note  the  effect  of  subcutaneous  injection  of  a  pure  culture 
of  diplo-streptococcus  obtained  from  the  cerebro-spinal  fluid  of 
a  case  of  sleeping  sickness. 

March  2,  1904.  Injected  subcutaneously  into  left  thigh 
0-5  c.c.  of  a  broth  culture  of  diplo-streptococcus  from  the  cerebro- 
spinal fluid  (post-mortem)  of  case  69  K.K.  The  growth  was 
48  hours  old.  The  growth  was  abundant.  It  was  proved  pure 
by  microscopic  examination  and  by  sub-cultui-e  on  agar. 
March  9.  No  local  reaction  at  the  seat  of  inoculation.  The 
general  health,  temperature,  etc.,  of  the  animal  is  normal. 

The  following  chart  shows  the  temperature  curve  before  and 
for  some  time  after  the  inoculation  : — 
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.  .  .  The  temperature  has  since  beeu  regularly  taken.  It 
remains  qiiite  normal  and  the  general  condition  ot'  the  animal 
is  good. 

Reinarlas. — This  experiment  shows  that  when  a  pure  culture 
of  the  diplo-streptococcus  is  injected  subcutaneously  in 
considerable  quantity  into  a  healthy  monkey  it  produces 
neither  local  nor  general  reaction.  The  pathogenic  _  powei- 
must  be  low.  It  is  incapable  of  producing  any  of  the  signs  of 
sleeping  sickness  commonly  met  with  in  the  infection  produced 
by  the  Trypanosoma  gambiense  in  monkeys. 

Experiment  8.   Monkey  (Cercopithecus  sp.). 

To  note  the  effect  of  subcutaneous  injection  of  blood  from 
case  of  trypanosoma  fever  into  a  monkey  and  secondly,  the 
Kubcutaneous  injection  of  a  pure  culture  of  streptococcus 
obtained  from  a  case  of  sleeping  sickness. 
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April  3,  1903.  Injected  subciitaneoiisly  a  simll  quantity  of 
blood  from  case  J.M.,  whose  blood  is  seen  to  contain  trypano- 
somes  this  morning.  The  blood  taken  only  amounted  to  a 
drop  or  so  and  had  firmly  clotted. 

April  4.    Injected  about  ]  c.c.  of  blood  from  same  case. 

May  11.    Injected  2  c.c.  of  Wood  from  Jordien  Murjan. 

August  25.    No  symptoms  of  sleeping  sickness. 

January  26,  1904.  The  animal  has  begun  to  look  seedy. 
His  expression  is  rather  dull  and  his  coat  is  not  in  good  order. 

March  28.  Injected  subcutaneously  into  right  interscapular 
region  1  -0  c.c.  of  a  broth  culture  72  hours  old  from  Case  69  Q.Q. 
fii'st  remove.  It  was  proved  to  be  a  pui*e  culture  of 
diplo-streptococcus  by  cultivation  on  agar  and  microscopic 
examination. 

April  15.  The  general  condition  of  the  animal  since 
the  injection  of  the  culture  of  streptococcus  has  remained 
unchanged. 

August  22.  The  animal  is  now  distinctly  ill.  His  coat  is 
out  of  condition,  and  he  is  much  thinner.  He  sits  crouched  up 
a  good  deal. 

August  23.  He  has  now  a  very  dull  drowsy  expression  and 
his  head  is  constantly  drooping  between  his  knees. 

August  27.  He  is  now  very  weak  and  is  lying  on  his  side. 
The  trypanosomes  were  very  numerous  in  his  blood;  lumbar 
puncture  was  performed.  The  cerebro-spinal  fluid  contained 
some  red  cells.    Active  trypanosomes  were  present. 

August  28.  The  animal  is  dying.  Lumbar  puncture 
performed  ;  cerebro-spinal  fluid  clear.  On  microscopic  examina- 
tion active  trypanosomes  present  and  a  few  red  cells. 

The  following  chart  shows  the  course  of  the  disease  after 
the  injection  of  the  streptococcus  : — 


(7390) 
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The  following  table  shows  the  presence  or  absence  of 
tiypanosomes  and  streptococcus  in  the  blood  : — 


Date. 

1903. 

April 

9  ... 

11  ... 

» 

23  ... 

30  ... 

May 

7  ... 

14  ... 

» 

21  ... 

28  ... 

June 

4  ... 

11  ... 

» 

18  ... 

2.5  ... 

July 

1  ... 

)) 

23  ... 

)) 

31  ... 

Aug. 

7  ... 

)> 

13  ... 

)) 

20  ... 

)) 

28  ... 

Sept. 

4  ... 

)i 

12  ... 

)? 

25  ... 

Oct. 

8  ... 

Nov. 

5  ... 

Parasites  in  the  blood. 


Fil. 


Mai. 


Tryp. 


+ 
+ 
+ 

+ 
+ 
+ 
+ 


+ 
+ 
+ 

+ 


Parasites  in  C.S.F. 


Strept. 


Tryp. 


The  following  table  shows  the  presence  or  absence  of 
trypan osomes  in  the  blood  and  ce^rebro-spinal  fluid  from 
June  9th : — 


D  2 
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Date 

Parasites  in  the  blood. 

Parasitea  in  C.S.F. 

1904. 

ivxaiar. 

iryp. 

otrepto. 

Iryp. 

... 

— 

+ 

... 

... 

„  lb 

... 

+ 

... 

... 

„  24 

+ 

... 

u  uiy  z 

+ 

+ 

„  15 

... 

+ 

+ 

... 

::: 

„  22 

4- 

+ 

+ 

Aug.  12 

+ 

+ 

„  19 

+ 

„  26 

+ 

„  27 

+ 

+ 

„  28 

+ 

+ 

August  28,  1904.  Animal  killed  by  chloroform.  Post- 
mortem at  once. 

The  body  is  distinctly  emaciated.  The  coat  is  very  much 
out  of  condition.  No  sores.  Pupils  equal  and  normal.  Slight 
general  enlargement  of  lymphatic  glands.  Some  increase  of 
fluid  in  pericardial  cavity,  none  in  pleural  or  peritoneal. 

Brain. — On  removing  the  calvavium  and  reflecting  the  dura 
mater,  there  is  seen  to  be  some  injection  of  superficial  vessels, 
and  slight  flattening  of  the  convolutions,  otherwise  nothing 
noteworthy.  A  culture  in  broth  was  made  from  the  cerebro- 
spinal fluid — this  remained  sterile. 

Spinal  cord. — There  is  some  hcemorrhage  into  the  theca  from 
the  puncture,  otherwise  it  is  normal.  Brain  removed  entire  with 
spinal  cord  roots,  ganglion,  and  nerves  for  future  investigation. 

Heaii. —  Nothing  noteworthy.  The  blood  of  this  organ  con- 
tains many  trypanosomes  not  modified  in  shape.  A  culture  in 
broth  was  made  from  the  blood,  which  remained  sterile. 

Lungs.  —  Both  show  minute  areas  of  embolism  studded 
through  the  substance.  On  microscopic  examination  these  are 
seen  to  contain  altered  trypanosomes. 

Peritoneal  cavity. —  On  opening  the  cavity  a  number  of 
"  bladder-like  "  structures  of  various  sizes  containing  fluid  are 
seen  in  the  folds  of  the  peritoneum  bulging  into  the  cavity.  To 
find  out  the  exact  relation  of  parts  the  whole  abdominal  contents 
were  turned  out  and  floated  in  water.  After  dissection  it  was 
determined  that  the  "bladders,"  which  were  quite  transparent, 
except  for  an  opaque  spot  at  one  point  and  contained  a  clear 
fluid,  lay  between  the  layers  of  the  omentum,  and  on  cutting 
these  through  they  became  free.  It  was  also  seen  that  these 
"  bladders "  were  embedded  in  the  substance  of  the  hver  and 
bulged  out  of  its  substance  on  its  various  surfaces  and  became 
adherent  to  the  surrounding  structures.  The  fluid  in  the  cysts 
was  quite  cleai-,  some  of  it  was  centrifuged  and  examined  under 
the  mici-oscope,  but  no  booklets  or  similar  structures .  were 
Been. 
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Liver. — Removed  entire  for  the  fiirther  study  of  the  cysts 
contained. 

»S/^/een.— Slightly  enlarged.  Slight  general  enlargement  of 
siiperficial  area.    No  points  of  suppuration  on  section. 

Remarks. — This  is  an  ititeresting  experiment  because  (1)  It 
demonstrates  the  long  course  which  the  trypanosoma  infection, 
as  in  man,  may  run  (from  inoculation  until  the  death  of  the 
animal,  nearly  18  months),  and  that  only  towards  the  close  of 
life  were  the  characteristic  signs  of  the  disease  present.  Both 
in  men  and  in  monkeys  the  malady  may  either  run  an  acute,  or, 
as  in  this  case,  a  very  chronic  course.  The  disease  in  monkeys, 
therefore,  has  a  strictly  parallel  course  to  that  observed  in  man. 
(2)  During  the  course  of  the  trypanosome  infection,  when  the 
temperature  became  somewhat  irregular,  but  otherwise  no 
marked  signs  were  manifest,  an  injection  of  a  pure  culture  of 
diplo-streptococcus  rich  in  germs  was  made  to  determine  the 
effect.  The  injection  was  followed  by  no  effect,  so  far  as  could 
be  observed,  either  locally  or  generally,  and  the  animal  sickened 
and  died  many  months  afterwards  with  a  trypanosome 
infection.  It  is  possible  that  the  general  condition  of  the  animal 
was  lowered  by  the  state  of  the  liver,  which  permitted  the 
trypanosomes  to  get  the  upper  hand. 

Experiment  99.   Monkey  (Cercopithecus  sp.). 

To  observe  the  effect  of  infection  of  the  monkey  by  tsetse 
flies  which  had  fed  on  a  sleeping  sickness  patient  24  hours 
previously,  and  the  effect  of  subcutaneous  injection  of  a  pure 
culture  of  diplo-streptococcus  on  the  course  of  this  infection. 

July  23,  1903.  Trypanosomes  were  noted  in  the  blood  for 
the  first  time;  the  fee(Hng  was  begun  on  May  15,  1903. 

January  15,  1904.  Animal  out  of  condition  generally,  but 
is  still  fairly  active. 

February  1 4.  Animal  is  very  weak  and  thin.  He  is  crouched 
up  and  frequently  his  attitude  is  very  characteristic,  the  head 
drooping  between  his  knees. 

February  22.  Animal  lies  about  a  good  deal.  He  takes  his 
food  better.    His  temperature  is  still  swinging. 

March  2.  Injected  under  the  skin  of  left  thigh  0*5  c.c. 
culture  in  broth  of  a  diplo-streptococcus  obtained  from  the 
cerebro-spinal  fluid  of  a  case  of  sleeping  sickness  taken  post- 
mortem. The  growth  was  48  hours  old.  It  was  proved  to  be 
a  pui-e  culture  of  diplococci  by  microscopic  examination  and  by 
culture  in  agar.  The  gi-owth  was  abundant  and  grew  in  the 
form  of  balls  with  clear  fluid  between. 

March  13.  The  animal,  as  formerly,  is  in  the  usual  charac- 
teristic attitude.  The  saHva  tends  to  dribble  from  his  mouth. 
The  glands  in  his  left  groin  are  distinctly  enlarged. 

March  19.  Animal  is  in  a  moiibund  condition,  passing  its 
motions  under  it  and  unable  to  rise.  Saliva  is  dribbling  from 
its  mouth,  a  gland  in  right  groin  was  distinctly  enlarged;  this 
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was  removed  and  found  to  contain  pus.  Smears  showed  njidcr 
the  niicroseope  diplococci  and  "bodies"  stained  blue  which 
appeared  to  be  degenerated  trypanosomes. 

The  following  chart  shows  the  temperature  curve: — 
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13  H  IS  16  17  18  192021  22^3242526272829  I  2  J  4  S  6  7  8  9  10 II  12  13  14 15  16  17  (019  20 


The  following  table  shows  the  presence  or  absence  of 
trypanosomes  and  streptococci  in  the  lymph  glands,  blood  and 
cerebro- spinal  fluid  : — 


Date. 
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blood. 
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March  20.    Animal  died  in  the  night.    Post-mortem  9  a.m. 

The  body  is  markedly  emaciated.  Lymphatic  glands  in  both 
femoral  regions  are  enlarged — glands  in  right  femoral  region 
are  suppurating.  Glands  in  axilla  and  neck  are  enlarged,  but 
not  suppurating.    Pupils  equal  and  normal.    No  increase  of 
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fluid  iu  pleural  or  peritoneal  cavities,  slight  iiierease  in  peri- 
cardial. 

Brahi. — On  removing*  the  calvarium  the  dura  mater  is  seen 
to  be  normal;  on  reflecting  it,  the  convolutions  are  seen  to  be 
slightly  flattened  and  the  superficial  vessels  are  injected ;  the 
sub-arachnoid  fluid  is  increased — no  active  trypauosomes  were 
seen  microscopically,  but  the  animal  had  been  dead  for  some 
time.  A  pure  culture  of  a  streptococcus  was  obtained  from  the 
cerebro-spinal  fluid. 

Heart.  —  Nothing  noteworthy.  Blood  from  this  organ 
examined  microscopically  showed  many  trypauosomes.  Malaria 
is  also  present. 

Lungs.— KxQ  both  healthy. 

Liver,  Spleen,  and  Kidneys.  — ^how  nothing  noteworthy. 
Intestines. — Are  liealthv. 

I^ympli  Glands.  —  In  omentum  and  mesentery  distmctly 
enlarged. 

Remarks. — This  experiment  demonstrate!?  several  points  of 
importance.  The  first  being  that  it  is  possible  to  convey  the 
trj-pandsoma  of  sleeping  sickness  from  man  to  montey  after  an 
interval  of  24  hours.  Secondly,  that  the  disease  produced  in 
the  monkey  by  the  fly  infection  presents  tlie  same  characters  as 
that  produced  by  inoculation  of  cerebro-spinal  fluid  or  blood 
from  a  case  of  sleeping  sickness.  This  animal  presented  towards 
the  close  of  its  life  a  typical  picture  of  a  sleeping  sickness  case. 

This  experiment  is,  finally,  of  interest  and  importance  from 
the  fact  that  15  days  before  its  death  it  had  been  injected  with 
a  pure  culture  of  diplococci  obtained  from  a  case  of  sleeping- 
sickness.  So  far  as  we  could  observe,  the  course  of  the  disease 
was  uninfluenced  by  the  injection,  the  only  noteworthy  feature 
being  a  slight  suppuration  in  one  of  the  groups  of  lymphatic 
glands  near  the  site  of  inoculation.  Portions  of  the  nervous 
system  and  glands  have  been  preserved  for  minute  investigation 
and  the  results  of  the  examination  will  be  of  interest. 

8.  Has  the  so-called  Trypanosoma  Fever  any  connection  ivith 

Sleeping  Sickness  f 

Since  the  publication  of  the  last  Report  the  observations  on 
the  five  men  in  whose  blood  the  trypauosomes  were  first 
discovered  in  March,  1903,  have  been  continued. 

Two  of  these,  Karala  Barigi  and  Bara  Risgallah,  died  of 
pneumonia  iri  April  and  May,  1904,  respectively;  of  the  others, 
Jordien  Murjan  appears  to  be  undoubtedly  in  an  early  stage  of 
sleepiiig  sickness.  He  has  gradually  developed  the  character- 
istic signs  of  the  malady.  Trypauosomes  are  now  always  found 
in  his  cerebro-spinal  fluid.  Tabula  presents  some  of  the'features 
of  the  disease,  but  is  still  able  to  do  his  work  and  has  not  yet 
shown  trypauosomes  in  the  cerebro-spinal  fluid.*  Kumsarsabba 
is  in  a  similar  condition. 

*  Lieut.  Gray  wi  itc.^,  February,  1905,  "Tliiit  Tabula  now  showa  trypano- 
Bonies  lu  the  cerebro-si)in  il  flui.l,  and  distinct  signs  of  sleajiing  siclcneds." 


40 


In  addition  to  the  above,  in  order  to  extend  the  obtservations 
on  this  most  important  stage  of  the  disease,  five  natives  were 
pinked  out,  from  a  batch  of  prisoners  from  Usoga,  having  en- 
Im-ged  glands  in  the  neck.  On  examination  trypanosomes  were 
tound  in  the  lymph  juice  of  each.  These  men  are  being  kept 
m  hospital  and  their  condition  is  being  carefully  observed.  We 
have  also_  observed  the  action  of  arsenic  on  the  Trypanosoma 
gamhiense  in  these  men.  None  of  them  show  any  of  the  charac-  * 
teristic  features  of  sleeping  sickness,  and  the  trypanosomes  are 
not  present  in  the  cerebro-spiual  fluid.  In  fact,  with  the  ex- 
ception of  enlargement  of  the  lymphatic  glands  and  slight  fever 
the  general  condition  of  the  men  is  good. 

^  The  importance  of  this  stage  of  the  disease  is  so  great  that 
a  tull  account  of  the  observations  on  these  five  natives  is  given. 
The  diet  has  been  increased,  in  addition  to  bananas,  a  ration  of 
meat  is  given  tsvice  Aveekly.  It  will  be  seen  from  the  tables 
that  since  admission  the  trypanosomes  are  less  frequently  found 
in  the  lymphatic  glands  and  blood.  Up  to  date  they  have 
improved  remarkably  in  general  condition  and  have  rapidly  put 
on  tlesh.  The  after  history  of  these  cases,  maintained  under 
the  above  conditions,  will  be  of  considerable  interest. 

Experiment  31.   Karala  Barigi.  Male. 
District,  Singo.    Occupation,  policeman.    Tribe,  Mundu,  Nubian. 

April  24,  1903.  Patient  states  that  he  has  been  six  months 
in  Entebbe.  His  illness  began  on  March  10.  He  asserts  that 
at  present  he  feels  quite  well  and  has  no  headache  or  other 
symptoms.  There  are  no  enlarged  glands  in  the  neck,  but  in 
the  axilla  they  are  as  large  as  peas  and  they  are  also  enlarged 
in  the  groin.  His  tongue  is  moist  and  furred.  His  speech  is 
fluent.    Pulse  120,  fair.    His  heart  sounds  are  normal. 

September  23,  1 903.    There  is  slight  general  enlargement 
of  the  lymphatic  glands.    Slight  tremor  of  bands  and  tongue. 

February  G,  1904.  Glands  distinctly  enlarged  in  the  left 
post  triangle  of  neck.  Cerebro-spinal  fluid  flowed  out  very 
fieely,  a  few  flakes  in  it. 

April  4.  There  is  slight  oedema  of  right  leg,  which  he  states 
has  been  present  for  about  a  month.  Tremors  of  hands  present. 
Glands  distinctly  enlarged  in  both  posterior  triangles.  A  gland 
was  excised  from  the  right  posterior  triangle.  A  drop  of  the 
juice  of  this  gland  examined  under  the  microscope  showed 
many  active  trypanosomes.  Stained  preparation  showed 
well-formed  trypanosomes  and  also  many  apparently  modified 
trypanosomes.    Gland  was  preserved  for  further  examination. 

April  16.    There  is  oedema  of  both  feet  and  legs.    He  was 
admitted  into  the  native  hospital  to-day  for  double  pneumonia. 

The  temperature  remained  practically  normal  up  to  the 
onset  of  the  pneumonia. 

The  followhig  ta-ble  shows  the  presence  or  absence  of 
trypanosomes  in  the  lymphatic  glands,  blood,  and  cerebro- 
spinal fluid : — 
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April  18.  Patient  died  this  morning.  It  is  mudi  to  bo 
regretted  that  no  post-mortem  examination  could  be  made  ou 
this  very  important  case. 


Case  (!4.    Jurdien  Mui^.tan.   Male.    Age  3G. 
District,  AJiiru.    Nubian.    Prisoner  for  last  three  years. 

March  31,  1903.  Admitted  to  hospital.  He  is  an  old 
Soudanese  mutineer  and  lives  as  a  prisoner  in  the  jail. 

No  fellow  prisoners  have  had  sleeping  sickness.  He  has  no 
oedema,  and  no  noticeable  swelling  of  glands.  His  tongue  is 
healthy,  but  shaky.  There  is  no  tremor  of  the  hands.  His 
speech  is  normal  and  pulse  114. 

August  18.  This  patient  at  the  present  date  has  not  any 
marked  symptoms  of  sleeping  sickness.  At  the  same  time 
there  is  slight  general  enlargement  of  lymphatic  glands,  his 
expression  is  dull,  there  is  some  tendency  to  tremor  of  the 
tongue  and  fingers  and  his  pulse  is  rapid. 

tSeptember  21.  Expression  is  dull  and  heavy.  Complains 
of  no  pains.  Appetite  good.  Pulse  136.  Slight  tremors  of 
tongue  and  fingers. 

November  9.  No  definite  signs  of  sleeping  sickness. 
Pulse  120.    Fine  tremors  of  tongue. 

December  2G.  Tremors  of  fingers  distinct.  Trypanosornes 
present  in  cerebro-spinal  fluid. 

February  1,  1904.    General  condition  as  befoi'e. 

March  21.  A  gland  in  left  anterior  triangle  of  neck  was 
removed ;  active  trypanosomes  were  present  in  the  juice. 

June  7.  Pulse  104.  No  pain.  Tremors  of  hands  and 
tongue  present.  CEderaatous  swelling  of  both  legs.  Cerebro- 
spinal fluid  contains  active  trypanosomes — no  red  cells.  Ho 
is  reported  to  be  "  very  dull  and  stupid  and  fit  for  very  little 
work." 

July  18.  Complains  of  pain  in  head,  arms  and  chest,  also  of 
itching.  Pulse  125.  Active  trypanosomes  in  cerebro-spinal 
fluid ;  no  red  cells  in  deposit. 

August  25.  Complains  of  no  pain.  Pulse  is  120.  CEdema 
of  right  foot.  Trypanosomes  present  in  cerebro-spinal  fluid  ;  no 
i"ed  cells. 

October  2.  Tremors  of  hand.  No  pain.  Slight  oedematoua 
swelling  of  left  foot.  Trypanosomes  in  cerebro-spinal  fluid  ;  no 
red  cells  in  deposit. 

The  following  chart  shows  the  course  of  the  disease: — ■ 
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The  following  table  shows  the  presence  or  absence  of 
tiypanosomes  in  the  lymphatic  glands,  blood  and  cerebro-spinal 
fluid : — 


Date. 

Parasites  in 
Glands. 

Parasites  in  the  Blood. 

Parasites  in 
C.S.F. 
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Tryp. 

Filar. 
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Strepto. 

Tryp. 

1903. 
March  31 
April  1 
2 
3 

»  17 
May  1 

11 

June  9 
„  23 
July  22 
Aug.  18 
Sept.  21 
Nov.  9 
Dec.  26 

... 

... 

- 

... 

+  ■ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 

... 

4- 

+ 
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1904. 
Feb.  1 
March  21 
June  7 
July  18 
Aug.  25 
Oct.  2 

•  *  • 

+ 
+ 
+ 
+ 

+ 

+ 
J. 

+ 
+ 

+ 
+ 
+ 
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Experiment  68.   Bara  Risgallah  (Male).   Age  35  Years. 

Trypanosoma    fever.    Tribe    Lenclu.     Occiqmtion  police.  Lives 

in  hut  iu  police  lines, 

April  21,  1903.  Admitted  to  hospital.  This  man  states  he 
had  been  ill  ten  days,  and  that  the  ailment  began  with  a 
shivering  fit.  He  also  says  he  had  a  sickness  like  this  in 
Kampala  four  or  five  years  ago. 

April  24.  Patient  looks  ill.  There  is  no  oedema  and  only 
the  glands  in  the  groin  ai'e  slightly  enlarged.  His  pulse  is  108, 
feeble  and  compressible.  The  heart  sounds  are  normal.  He 
has  no  tremors. 

November  10.  Patient  fell  asleep  while  on  duty  during  the 
day.  Some  enlargement  of  lymphatic  glands  in  anterior 
triangles  of  neck.  Distinctly  enlarged  in  axilla  and  groin. 
Pulse  160  weak. 

December  19.  Patient  was  in  hospital  for  synovitis  of  left 
knee  and  oedema  of  both  legs.  He  has  been  lying  about  a 
good  deal  lately.    Pulse  96  feeble. 
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P'ebruary  8, 1904.    Patient  looks  dull  and  heavy.    Pulse  108. 

March  30.  Glands  enlarged  in  both  triangles  of  neck. 
Pulse  100.  Rather  emotional — fits  of  weeping.  Tremors  of 
hands.  Gland  excised  from  right  anterior  triangle  contained 
active  trjpanosomes.  No  streptococci  seen  in  the  films  of  the 
juice. 

April  27.  Admitted  to  hospital  complaining  of  cough  and 
fever.  There  was  shght  oedema  of  both  legs  near  ankles. 
Slight  impairment  of  note  at  right  apex.  Breathing  rapid. 
Sputum  is  Avatery. 

J\Iay  1.  Percussion  of  chest  shows  dulness  both  anteriorly 
and  posteriorly  on  the  right  side  more  mai'ked  at  upper  part  of 
chest.  Vocal  fremitus  is  increased.  Breath  sounds  are 
bronchial  iu  character  and  are  accompanied,  by  crepitations. 
Sputam  is  sticky — has  a  rather  greenish  colour. 

May  4.  Dulness  is  marked  all  over  chest  on  right  side 
anteriorly  and  posteriorly.  Liver  extends  four  inches  below 
costal  margin.    Some  jaundice  of  conjunctiva}. 

The  temperature  remained  normal  up  to  the  onset  of  the 
pneumoj]ia : — 

The  following  table  shows  the  result  of  enumeration  of  the 
blood  corpuscles,  the  presence  or  absence  of  trypanosomes  in 
glands,  blood  and  cerebro-spinal  fluid : — 
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May  5,  1904.  Patient  died  at  5  a.m.  Post-mortem  one 
lioui-  after  death. 

The  body  is  that  of  a  well  built  and  fairly  well  nourished 
man.  General  enlargement  of  sujDerficial  lymphatic  glands. 
Pupils  normal  and  equal. 

On  opening  the  body  a  considerable  quantity  of  straw 
coloured  fluid  escaped  from  the  right  pleural  cavity,  no  increase 
of  pericardial  or  peritoneal. 

Brain. — On  removing  the  calvarium  the  dura  mater  is 
found  to  be  nonaal.  On  reflecting  that  membrane  the  sulci 
of  the_  convolutions  of  the  brain  were  seen  to  be  filled  up  with 
jelly-hke  exudation.  The  superficial  vessels  showed  some 
injection  and  the  convolations  were  somewhat  flattened. 
Towards  the  base  of  the  brain  over  the  medulla,  pons  and 
cerebellum  there  was  a  considerable  amount  of  exudation  of  a 
thicker  nature.  The  general  appearance  of  the  brain  somewhat 
resembled  that  met  with  in  cases  of  sleeping  sickness.  Cerebro- 
spinal fluid  was  increased;  5  c.c.  were  centrifuged,  but  no 
active  trypanosornes  were  found.  A  cocco-bacillus  was  present. 
Portions  of  the  brain  were  preserved  for  further  examination. 

Heart. — Muscle  is  pale  and  flabby,  otherwise  healthy. 

Lungs. — Right,  there  is  some  recent  lymph  on  surface,  the 
whole  lung  being  in  a  state  of  ijneumonic  consolidation.  The 
upper  lobe  being  in  a  state  of  grey  hepatisation,  the  lower 
showing  a  condition  of  red  hepatisation.    Left  is  healthy. 

Liver.— markedly  enlarged,  extends  four  inches  below 
costal  margin.^   On  section,  is  pale  and  bile  stained. 

Spleen.~J)\Bimci\j  enlarged,  capsule  is  thickened,  firm  on 
section. 

Kidneys. — Nothing  noteworthy,  intestines  normal. 

Glands— Dqqt^  cervical  are  distinctly  enlarged.  Smears  of 
the  glands  showed  no  Btreptococci^  no  fully  formed  trypano- 
somes  were  seen. 

Remarks. — This  man  originally  came  under  observation  as  a 
case  of  trypanosoma  fever.  For  the  past  year  his  blood,  glands 
and  cerebro-spmal  fluid  have  been  regularly  examined.  During 
life  he  had  several  of  the  signs  and  symptoms  met  with  in 
sleepmg  sickness  cases,  viz.,  enlargement  of  the  lymphatic 
glands  and  oedema,  and  others  indicating  early  involvement  of 
the  nervous  system,  i.e.,  rapid  pulse,  tendency  to  drowsiness, 
tremors  and  alteration  of  the  facial  expression. 

Post-mortem  the  brain  presented  an  appearance  resembling 
that  met  with  in  sleeping  sickness  cases.  During  the  attack  of 
pneumonia  he  did  not  present  any  symptoms  indicating  acute 
raenmgeal  change.  Although  trypanosomes  were  not  found  in 
the  cerebro-spmal  system,  they  were  abundant  in  the  lymph 
system,  as  an  examination  of  the  glands  showed.  This  man 
was  almost  certainly  in  a  fairly  early  stage  of  sleephig  sickness. 

Ihis  experiment  should  be  compared  with  No.  58. 
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Case  302.    Tenwa.    Male.   Age  25. 

District.  Usoga. 

Juue  7,  1904.  Patient  was  selected  from  a  group  of 
prisoners  from  Usoga,  on  account  of  enlarged  glands  in  the 
neck.  He  asserts  that  he  is  quite  well.  Beyond  general 
lymphatic  enlargement,  there  are  no  signs  of  sleeping  sickness. 
The  lymph  from  a  gland  in  the  left  posteiior  triaugle  of  the 
neck  was  examined  and  found  to  contain  many  active 
trypanosomes. 

July  2.  Intra-muscular  injections  of  arsenious  acid  were 
begun. 

October  16.  The  general  condition  of  the  patient  has 
much  improved. 

The  temperature  remained  about  normal.  Shght  elevation 
occurred  from  time  to  time,  and  this  was  associated  with 
the  presence  of  the  parasite  in  the  blood. 

The  following  table  shows  the  result  of  the  enumeration  of 
the  blood  corpuscles,  the  percentage  of  haemoglobin,  the 
amount  of  arsenious  acid  administered,  the  presence  or 
absence  of  trypanosomes  in  the  lymphatic  glands^  blood  and 
cerebro-spinal  fluid : — 
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Case  803.    Kitsame.   Malk.   Age  26. 


IJistHcl.  Usoga. 

June  7,  1904.  This  man  is  also  a  prisoner,  and  was 
selected  on  accoinit  of  enlarged  glands,  otherwise  he  presents 
no  signs  of  sleeping  sickness.  The  lymph  obtained  from  a 
gland  in  the  left  posterior  triangle  of  the  neck  contained  many 
active  trypanosomes. 

June  21.  Intra-muscular  injections  of  arsenious  acid  were 
commenced. 

The  temperature  remained  about  normal.  Occasional 
slight  rises  were  associated  with  the  presence  of  trypanosomes 
in  the  blood. 

The  following  table  shows  the  result  of  the  enumeration 
of  the  blood  corpuscles,  the  percentage  of  haemoglobin,  the 
amoimt  of  arsenious  acid  administered,  the  presence  or 
absence  of  trypanosomes  in  the  lymphatic  glands,  blood  and 
ccrebro-spinal  fluid : — 
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Case  304.    Manawa.   Male.   Age  25. 
District.  Usocja. 

June  12,  1904.  This  man  Avas  also  selected  on  account  of 
enlarged  glands  in  the  neck.  His  general  condition  Avas  good. 
The  juice  from  a  gland  in  the  left  posterior  triangle  of  the 
neck  was  examined  and  was  found  to  contain  many  active 
trypan  osomes. 

July  8.  Intra-muscular  injections  of  arsenious  acid  ^-ere 
commenced. 

October  16.  The  general  health  of  the  patient  is  good. 
The  following  chart  shows  the  course  of  the  disease  : — 
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The  following  table  shows  the  result  of  the  enumeration  of 
the  blood  corpuscles,  the  percentage  of  haemoglobin,  the 
amount  of  arsenious  acid  administered,  the  presence  or  absence 
of  trjpanosomes  in  the  lymphatic  glands,  blood  and  cerebro- 
spinal fluid  : — 
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Case  310.    Mondu.   Male.   Age  25. 

District.  Uiioga. 

July  8,  1904.  Tliis  case  was  also  selected  from  a  group  of 
prisouers.  He  had  general  eulargemeut  of  the  superficial 
lymphatic  glauds,  but  no  signs  of  sleeping  sickness.  The 
juice  from  a  ghiud  in  the  right  posterior  triangle  of  the 
neck  was  examined  and  found  to  contain  many  active 
trypanosomes. 

July  10.  Intra-muscular  injections  of  arsenious  acid  were 
commenced. 

October  10.    The  general  health  of  the  patient  is  good. 

The  temperature  remained  about  normal.  Occasional 
slight  rises  were  associated  with  the  presence  of  trypanosomes 
in  the  blood. 

The  following  table  shows  the  result  of  the  enumeration  of 
the  blood  corpuscles,  the  percentage  of  hasnioglobin,  the 
amount  of  arsenic  administered,  the  presence  or  absence 
of  trypajiosomes  in  the  blood,  lymphatic  glands  and  cerebro- 
spinal fluid  : — 
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Case  311.   Namutide.   Female.   Age  20. 
Entebbe. 

July  13,  1904.  The  patient  came  complaiumg  of  headache 
and  lever.  She  states  that  she  has  been  sick  for  six  months 
Ihere  is  general  enlargement  of  the  superficial  lymphatic 
glands,  especially  the  cer\acal.  A  lymphatic  gland  in  the  left 
posterior  triangle  was  punctured  and  the  juice  examined.  It 
was  found  to  contain  many  active  trypanosomes. 

The  following  table  shows  the  result  of  the  enumeration  of 
the  blood  corpuscles,  the  percentage  of  hsemoglobin  the 
amount  of  arsenic  administered,  the  presence  or  absence  of 
trypanosomes  in  the  blood,  lymphatic  glands  and  cerebro- 
spinal fluid 
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As  well  as  the  cases  above  mentioned  of  trypanosoma  fever, 
information  has  been  got  as  to  the  after  history  of  the  men  of 
the  general  population  mentioned  in  the  last  Report  in  whose 
blood  trypanosonies  were  found,  but  who,  then,  had  no 
sjnnptoms  of  sleeping  sickness. 

It  has  not  been  possible  to  trace  out  all  these  men  owing 
to  Viirious  causes,  but  the  histories  of  a  sufficient  number 
have  been  obtained.  Eighty  natives  were  examined,  and 
trypanosomes  were  found  in  the  blood  of  twenty-three.  Of 
these  twenty-three,  it  has  been  ascertained  that  since  that  date, 
three  have  died  of  undoubted  sleeping  sickness,  one  ran  away 
from  his  shamba  and  was  reported  to  have  died'  of  sleeping 
sickness.  Two  died  from  pneumonia  (one  was  almost 
certainly  in  an  early  stage  of  sleeping  sickness),  fi.ve  are  now 
in  an  early  stage  of  sleeping  sickness. 

No  information  has  been  obtained  ia  six  cases.  The 
remainder  (6)  do  not  as  yet  present  definite  signs  of  sleeping 
sickness.  These  observations  strongly  support  the  contention 
that  the  so-called  trypanosoma  fever  is  an  early  stage  of 
sleeping  sickness.  Further,  that  this  phase  of  the  disease  may 
be  short  or  very  prolonged,  the  development  of  the  las't 
stage  being  dependent  on  an  extension  of  the  invasion  of  the 
lymphatic  system  to  the  lymph  spaces  of  the  nervous  system. 
It  will  be  of  considerable  interest  to  follow  the  further  history 
of  the  six  men  showing  still  no  signs. 

_  The  following  table  sho-«5^  the  results  of  the  investigations 
into  the  after  history  of  the  men  harbouring  the  trypanosomes 
in  their  blood : — 
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9.  Are  these  trypanosomes  patliogenic  to  animals,  and  can  any 
specific  difference  be  made  out  between  them  by  animal 
experiment? 

The  experiments  on  the  various  animals  have  been 
continued  throughout  the  year.  The  additional  observations 
and  results  obtained  strength ei^and  support  the  conclusions 
arrived  at  in  the  last  repoi't. 

The  monkey  is  the  most  satisfactory  animal  for  experi- 
mental inoculation.  The  continued  observations  show  that 
the  effect  produced  in  them  is  in  all  respects  similar,  whether 
the  trypanosoma  mfection  is  produced  by  blood  from  so-called 
"trypanosoma  fever"  cases  or  the  cerebro -spinal  fluid  of 
undoubted  sleeping  sickness  cases.  As  the  question  of  the 
relationship  of  these  two  morbid  conditions  is  an  important 
one,  full  details  of  the  experiments  are  given. 

The  other  animals  that  we  have  employed  for  experimental 
inoculation  are  dogs,  jackals,  cats,  rats,  guinea-pigs,  rabbits, 
oxen,  goats,  sheep  and  donkeys.  J^one  of  these  have  shown 
any  _marked_  susceptibihty  to  the  disease,  and  some  have 
remained  resistant. 


A.  Experiments  on  the  effect  on  monkeys  of  the  injections  of 
cerebrospinal  fluid  containing  trypanosomes  talen  by  lumbar 
puncture  from  cases  of  sleeping  sickness. 

Experiment  2.   Monkey  (Male)  {Macacus  Rhesus). 

March  23,  1903.  Injected  sediment  of  about  10  c.c.  of 
cerebro-spmal  fluid  taken  post-mortem  from  Case  18,  Kapere. 

May  11.    Injected  2  c.c.  cerobro-spinal  fluid. 

May  21.  "Trypanosomes  are  found  in  the  blood  to-day, 
10  days  after  the  second  inoculation. 

August  25.    No  marked  symptoms  up  to  the  present 

November  28.  Animal  has  been  getting  distinctly 
emaciated.    He  looks  ill,  but  is  able  to  rise. 

The  temperature  curve  remained  about  normal  from  March 
till  August,  1903.  From  September,  1903,  the  evening 
temperature  rose  to  about  103°,  105°,  and  fell  in  the  morning  to 

?       oo^^  •  ^'^y  December  2,  1903,  it  fell 

to  94*8  . 

The  following  table  shows  the  presence  or  absence  of 
trypanosomes  in  the  blood  and  cerebro- spinal  fluid  :— 
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Parasites  in  blood. 

Parasites  in  C.S.F. 

Date. 

1903. 

Filar. 

Malar. 

TrvD 

Streot 

Trvn 

Sfvf  nt 

April  9 

— 



— 

»  11   

»  23   

— 

— 

... 
... 

»  30   

— 

— 

May  7   

— 

— 

„  14   

— 

— 

„  21   

- 

+ 

„  28   

— 

+ 

June   4  ... 

— 

+ 

„  11   !  ... 

+ 

„    18   1  ... 

— 

+ 

... 

„    25   i  ... 

+ 

July    1   1 

+ 

„  23   

— 

+ 

„  31   

— 

+ 

Aug.  7   

— 

+ 

„  13   

— 

+ 

»  20   

— 

+ 

... 

27   

... 

Sept.  4   

„  12   

- 

- 

... 

„  25   

Oct.  9   

+ 

„  22   

Nov.  5   

+ 

„  19   

25   

Dec.  3   

+ 

December  3.    Died.  Post-mortem. 

The  body  is  rather  emaciated,  pupils  equal  and  normal. 
Slight  general  enlargement  of  glands. 

On  opening  the  body  there  was  some  increase  of  pericardial 
fluid,  no  increase  of  fluid  in  pleural  or  peritoneal  cavities. 

Brain. — On  removing  the  calvarium  and  reflecting  the  dura 
mater  some  congestion  of  surface  is  seen — no  distinct 
flattening ;  cerebro-spinal  fluid  not  increased ;  examination  of 
fluid  does  not  show  any  active  trypanosomes. 

Heart. — Muscle  is  rather  pale.  Blood  examined  microscopi- 
cally from  this  organ  in  stained  preparation,  some  structm'es, 
probably  altered  trypanosomes,  were  seen. 

Lungs. — Right  somewhat  congested,  no  consolidation ;  left 
healthy. 

Liver,  spleen  and  kidneys. — Nothing  noteworthy. 
Ljymphatic  glands. — Enlarged. 

Remarks. — This  animal  has  not  shown  such  pronounced 
drowsy  symptoms  as  some  have,  but  it  has  become  distinctly 
emaciated.  Some  time  before  its  death  it  was  much  less  lively, 
and  took  no  notice  of  people,  and  did  not  come  forward  readily 
for  its  food.  The  post-mortem  showed  nothiug  to  account  for 
death  apart  from  the  trypanosomes. 
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Experiment  34.    Monkey  (Male)  (Macacus  Rhesus). 

To  note  the  effect  of  injecting-  the  cerebro-spinal  fluid  from 
a  case  of  sleeping  sickness  into  the  vertebral  canal  of  a 
monkey.  • 

April  8,  1903.  Injected  1  c.c.  of  cerebro-spinal  flxiid 
containing  trypanosomes  from  a  case  of  sleeping  sickness  into 
the  spinal  canal  of  this  monkey. 

April  30.  Trypanosomes  appeared  in  the  blood  to-day, 
19  days  after  inoculation  into  the  spinal  canal.  Note  that  the 
temperature  curve  shows  no  sign  of  this  invasion. 

May  2.  Trypanosomes  numerous  in  the  blood.  Tempera- 
ture taken  and  found  to  be  106-4°  F. 

August  25.  This  monkey  is  beginning  to  show  the  usual 
symptoms  of  the  disease  in  the  monkey.  He  sits  most  of  the 
day  -with  his  head  fallen  on  his  chest,  evidently  asleep,  and  his 
temperature  has  become  very  irregular. 

The  temperature  remained  normal  till  May  20,  1903.  From 
that  date  it  showed  an  evening  rise  averaging  103°-104". 
F]-om  August,  1903,  the  temperature  remained  sub-normal, 
falling  to  94-2  on  September  7,  1903,  the  day  of  its  death. 

The  following  table  shows  the  presence  or  absence  of 
trypanosomes  in  the  blood  and  cerebro-spinal  fluid: — 
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September  7.  Has  continued  in  the  same  condition  since 
last  note.  He  was  in  a  dying  state  this  morning.  Killed  by- 
chloroform. 

Post-mortem  immediately  after  death. 

The  body  is  emaciated,  coat  very  rough. 

Brain. — On  removing  the  calvarium  and  reflecting  the 
dura  mater  some  opacity  of  the  membranes  is  seen,  some 
flattening  of  the  convolutions  and  slight  adhesions  at  base  of 
brain. 

Fluid  from, the  third  ventricle  was  examined  and  active 
trypanosomes  were  seen.  There  was  some  blood  in  the 
fluid. 

Heart. — Normal ;  blood  taken  from  that  organ  showed  the 
presence  of  trypanosomes. 

Ljings. — A  few  pigmented  areas,  otherwise  nothing  note- 
worthy. 

Liver. — Appears  to  be  fatty. 

Spleen. — Nothing  noteworthy. 

Kidneys. — Apparently  healthy. 

Lymphatic  glands  in  mesentery  and  retroperitoneal  regions 
were  enlarged.  Also  those  in  inguinal  region  and  left 
axilla. 

Remarh. — This  animal  towards  the  end  showed  very 
characteristically  the  usual  features  of  the  disease  met  with  in 
monkeys.  The  post-mortem  appearances  were  also  pretty 
typical  of  an  ordinary  sleeping  sickness  case.  The  trypano- 
somes were  found  living  in  the  cerebro-spinal  fluid. 


Experiment  95.   Monkey  {Cercopithecus  sp.). 

To  note  the  effect  of  injecting  the  cerebro-spinal  fluid  from 
a  case  of  sleeping  sickness  into  the  vertebral  canal  of  a 
monkey. 

May  13,  1903.  Blood  examined ;  there  were  no  malarial 
parasites  or  trypanosomes  present. 

May  14.  Injected  1  c.c.  of  cerebro-spinal  fluid  from  a 
case  of  sleeping  sickness  into  the  vertebral  canal  of  this 
monkey. 

_  August  26.  About  8.30  a.m.  monkey  had  a  convulsive 
seizure  affecting  the  left  side  of  its  body.  It  lay  on  the  ground 
for  about  an  hour.    Monkey  appears  rather  crouched  up. 

August  29.  _  Animal  died  this  morning. 

The  following  table  shows  the  presence  or  absence  of 
trypanosomes  in  the  blood  and  cerebro-spinal  fluid  :— 
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Date. 
1903, 

Parasites  in  Blood. 

Parasites  in  C.S.F. 

Filar. 

Mai. 

Tryp. 

Strep. 

Tryp. 

Strep. 

May  13  ... 

22   

29   

June  4   

»  11   

„  20   

25   

July  1 

23   

»  31   

Aug.  13   

„  21   

„  28   

„  29   

i   1  +  +  +  1  +  +  +  1  +  1   1  1 

Post-mortem  examination. 

On  removing  the  calvarium  and  reflecting  the  dura  mater 
the  convohitions  were  seen  to  be  somewhat  flattened.  There 
was  no  marked  congestion.  The  cerebro-spinal  fluid  was 
examined  microscopically,  but  no  Uving  trypanosomes  could 
be  found. 

Heart. — Nothing  noteworthy — blood  from  this  organ 
examined  microscopically  did  not  show  the  presence  of 
trypanosomes. 

Lunrjif. — Both  showed  the  presence  of  infarctions. 

Spleen. — Congested  and  somewhat  enlarged. 

Liver. — Nothing  n oteworthy . 

Kidneys. — Both  apparently  healthy. 

Remarks. — In  this  case  the  animal  had  a  very  definite 
involvement  of  the  nervous  system  shortly  before  its  death; 
probably  due  to  interference  with  the  cerebral  circulation  by 
the  parasite.  This  condition  no  doubt  caused  the  death  of  the 
animal.  The  absence  of  the  parasites  from  the  peripheral 
circulation  just  before  death  coinciding  with  the  nervous 
seizure  suggested  their  having  lodged  in  the  nervous  system. 

Experiment  96.    Monkey  {Cercopithecus  sp.). 

To  note  the  effect  of  injecting  the  cerebro-spinal  fluid  from 
a  case  of  sleeping  sickness  into  the  vertebral  canal  of  a 
monkey. 

May  14,  1903.  Blood  examined — no  malaria  or  trypano- 
somes. 

Injected  1  c.c.  of  cerebro-spinal  fluid  from  a  case  of  sleeping 
sickness  into  the  vertebral  canal  of  this  monkey. 

August  25.    No  symptomK.    No  rise  oi  temperature. 
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The  following  table  shows  the  presence  or  absence  of 
trypaiiosonies  in  the  blood  : — 


Date. 
1903. 

Parasites  in  Blood. 

Parasites  in  C.S.F. 

Filar. 

Mai. 

Tryp. 

Strep. 

Tryp. 

Strep. 

May 

14   

+ 

I) 

22 

+ 

>' 

29  '.  

+ 

June 

4   

+ 

>) 

11   

+ 

)) 

20   

+ 

June  24.  Again  injected  1  c.c.  of  cerebro-spinal  fluid  from 
a  case  of  sleeping  sickness  into  the  spinal  canal  of  this 
monkey. 

October  29.  Injected  5  c.c.  of  cerebro-spinal  fluid  from  a 
case  of  sleeping  sickness  under  the  skin  of  this  monkey. 

December  15.  This  monkey  is  getting  thinner  and  is  not 
so  active,  tending  to  sit  crouched  up.    He  is  out  of  condition. 

December  26.  His  attitude  is  now  very  characteristic.  His 
head  is  drooping  between  his  knees.  He  seldom  raises  his 
head,  and  if  he  does  so  it  immediately  falls  again.  He  is  miable 
to  climb  into  his  box  without  help. 

January  1,  1904.  Animal  is  very  ill.  Saliva  is  dribbling- 
out  of  his  mouth,  and  there  appears  to  be  some  paresis  of  the 
muscles  about  his  mouth. 

January  5.  He  is  now  lying  on  his  back.  Breathing  very 
shallow.  Conjunctival  reflex  still  present.  Passing  his  motions 
under  him.  Closely  resembles  a  case  of  sleeping  sickness. 
Performed  lumbar  puncture ;  drew  off  1  c.c.  cerebro-spinal  fluid. 
Microscopically  shows  some  red  and  white  cells  and  active 
trypanosomes. 

The  following  chart  represents  the  temperature  curve.  The 
observations  were  begun  as  soon  as  the  animal  was  observed  to 
be  ill:- 
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The  following  table  shows  the  presence  or  absence 
trypanosomes  in  the  blood  and  cerebro-spinal  flnid:— 
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Jamiaiy  5,  died  12.30  p.m. 
Post-mortem  immediately  after  death. 

The  body  is  profoundly  emaciated — sore  over  lumbar  region  ; 
pupils  are  equal  a]]d  normal.  The  inguinal,  axillary  and 
cervical  glands  are  enlarged. 

On  opening  the  body  there  is  some  increase  of  fluid  in  the 
pericardial  cavity. 

No  fluid  in  pleural  or  peritoneal  cavities. 

Heart. — Some  jelly-like  material  round  base.  Petechiae  are 
seen  on_  the  papillas  under  endocardium  of  left  ventricle. 
Muscle  is  pale.  Blood  taken  from  it  and  examined  micro- 
scopically shows  many  living  trypanosomes,  and  some  appear 
vacuolated. 

Lungs. — Are  both  healthy. 

Liver. — Nothing  noteworthy. 

Spleen. — Is  enlarged,  dark  in  colour. 

Kidneys. — Pvight  shows  two  areas  of  infarction.  Left 
nothing  noteworthy. 

Intestines. — Appear  healthy. 

Lymphatic  glands  of  omentum  and  along  the  aorta  and 
pelvic  vessels  are  enlarged  and  congested. 

Brain. — On  removing  the  calvarium  there  was  some  increase 
of  cerebro-spinal  fluid.  The  convolutions  were  congested  and 
showed  shght  flattening.  The  brain  and  spinal  cord  were 
preserved  for  future  examination. 

Remarks. — This  animal  towards  the  close  of  his  life 
developed  a  condition  which  represented  very  perfectly  the 
signs  met  with  in  an  ordinary  cabe  of  sleeping  sickness.  The 
trypanosomes  were  present  and  active  in  the  cerebro-spinal 
fluid  before  death.  His  attitude  during  life  was  exactly  similar 
to  that  shown  in  photograph  of  Experiment  60.    Report  IV. 

Experiment  54.   Monkey  (Cercopithecus  sp.). 

_  To  note  the  effect  of  injection  of  cerebro-spinal  fluid  con- 
taining trypanosomes,  from  a  case  of  sleeping  sickness,  into  the 
brain  cavity  of  a  monkey. 

April  9,  1 903.  Injected  1  c.c.  of  cerebro-spinal  fluid  from  a 
case  of  sleeping  sickness  into  the  brain  cavity  of  this  monkey 
through  the  foramen  magnum. 

August  25.    No  symptoms  of  sleeping  sickness  noted. 

November  16.  Injected  5  c.c.  of  cerebro-spinal  fluid  from  a 
case  of  sleeping  sickness  subcutaneously. 

December  15.  Animal  is  seedy  and  not  so  active  as  before. 
_  January  1,  1904.  Monkey  is  getting  thin.  Facial  expres- 
sion IS  dulled. 

January  24.    Animal  is  tending  to  crouch  and  his  attitude 
at  times  is  very  characteristic.    Face  is  puffy. 

January  25.  Monkey  is  lying  on  the  ground.  Limbs 
appear  partially  paralysed.  He  can  be  roused.  Breathing  is 
shallow.    Saliva  is  dribbling  from  his  mouth. 

(7390)  ^  Q 
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The  temperature  remained  normal  till  May  9,  1903.  Up  to 
.December,  1903,  the  temperature  was  not  recorded  as  the 
animal  showed  no  signs  of  sickness.  From  December,  1903,  it 
showed  an  evening  rise  averaging  two  or  three  degrees.  On 
January  25,  1904  (the  day  of  its  death)  it  fell  to  99°. 

The  following  table  shows  the  presence  or  absence  of 
trypanosomes  in  the  blood  and  cerebro-spinal  fluid  : — 


Date. 

Parasites  in  blood. 

Parasites  in  C.S.F. 

Fil. 

Mai. 

Tryp. 

Strept. 

Tryp. 

Strept. 

1903. 
April  11 

23  ... 
30  ... 
May  7 

14  ... 
21  ... 
28  ... 

June  4 

11  ... 

18  ... 
25  ... 

July  1 

23  ... 
31 

August  13 

20  ... 
27  ... 

Sept.  4 
12 
25 

wL-lUUcI       o           , , , 

22 

Nov.  5 

19  ... 
Dec.  3 

18  ... 

1904. 
January  1 

9  ... 

15  ... 

20  ... 
23  ... 
25  ... 

1  1  1  1  1  1         1   1   1   1   1  1   1  1   1   1  1   '  1   1   1  +  1   1   1   1   '   1   1   1  1  1 

January  25,  1904.    Died  at  5  p.m.    Post-mortem  at  once. 

The  body  is  not  much  emaciated.  Pupils  are  equal  and 
normal.  Glands  show  slight  general  enlargement.  There  is 
some  increase  of  fluid  in  pericardial  cavity,  no  increase  in  pleural 
or  peritoneal  cavities. 

Brain. — On  removing  the  calvariura  and  reflecting  the  dura 
mater,  which  was  adherent  in  the  frontal  region  on  both  sides, 
the  convolutions  were  seen  to  be  congested  and  showed  slight 
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flattening.  Bram  was  removed  entire  for  minute  examination, 
cerebro-spnial  fluid  examined  microscopically  did  not  show  the 
presence  of  active  trypanosomes. 

Beart—Some  jelly-like  material  round  base,  otherwise 
nothing  noteworthy.  Blood  from  this  organ  examined  micro- 
scopically did  not  show  fully  formed  trypanosomes,  but  some 
bodies  which  were  apparently  broken  down  trypanosomes. 

Lungs. — Both  healthy. 

Liver. — Shghtly  enlarged  and  congested. 

/SpZ<?eH.— Somewhat  enlarged  and  firm  on  section. 

Kidneys. — Both  normal. 

Lympk  glands  of  mesentery  and  also  along  the  side  of  great 
vessels  are  enlarged  and  congested. 

Remarks.~lu  this  animal  the  first  apparent  sign  was  a 
pecuhar  alteration  of  facial  expression,  the  face  was  dull,  puffy 
and  wanting  in  brightness— a  similar  condition  to  that  met  with 
in  sleeping  sickness  cases.  He  also  tended  to  crouch  up  at  the 
same  time  and  finally  assumed  the  usual  characteristic  atti- 
tude. A  peculiar  fact  was  that  the  trypanosomes  which  had 
been  absent  from  the  peripheral  blood  for  a  long  period  reap- 
peared just  before  death.  ^ 

There  was  no  other  cause  discovered  at  the  post-mortem  to 
account  for  the  animal's  death  apart  from  the  trypanosomes. 


Experiment  309.   Monkey  (Cercopiihecus  sp.). 

To  note  the  effect  of  subcutaneous  injection  of  gland  iuice 
trom  a  case  of  sleeping  sickness  into  a  monkey. 

June  30, 1904.  Injected  suboutaneously  0-5  c.c.  of  emulsion 
monkey''''  ^^^'''^  ""^^^       sleeping  sickness  into  a 

'^^fe  'JiTPanosomes  present  in  the  blood  to-day,  the 
Wteenth  day  after  inoculation. 

The  following  table  shows  the  presence  or  absence  of 
trypanosomes  m  the  blood :— 


Date. 

Parasites  in  blciod. 

Fil. 

Mai. 

Tryp. 

1904. 
July  2 

«  15   

»  22   

30   

August  5 

»  •  12  ... 

26   

Sept.  2 

»            9  *..'. 

+ 
+ 
+ 
+ 
-1- 
+ 
+ 
+ 

0  <4 
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Date. 

Parasites  in  blood. 

Ml. 

Mai. 

Trvn 

Sept. 

15   

+ 

23   

» 

30   

+ 

October 

7   

» 

14   

+ 

21   

+ 

Nov. 

4   

+ 

Remarks. — This  experiment  is  given  to  show  that  the  ghxncl 
juice  as  well  as  the  cerebro-spinal  fluid  and  blood  of  sleeping 
sickness  cases  when  injected  into  a  monkey  can  produce  trypa- 
nosoma  infection. 


.B.  Experiments  on  the  Effect  of  the  Injection  into  Monkeys  of  Blood 
containing  Trypanosomes  from  Cases  showing  no  Symptoms 
of  Sleeping  Sickness. 

Experiment  6.   Monkey  {Cercopithecus  sp.). 

To  note  effect  of  injection  of  blood  from  Case  63,  Kum- 
sarsaba. 

March  28, 1903.  Injected  4  c.c.  blood  from  Dr.  Baker's  case, 
Kumsasaba,  a  policeman  whose  blood  contained  trypanosomes 
yesterday. 

August  15.    No  symptoms. 

January  28,  1904.  Facial  expression  of  this  monkey  is 
somewhat  altered,  being  dull  and  heavy. 

April  10.  Removed  5  c.c.  blood,  also  two  enlarged  glands 
from  right  femoral  region.  No  active  trypanosomes  in  the 
lymphatic  juice. 

April  18.    Animal  is  very  sick  and  is  lying  on  the  ground. 

The  temperature  remained  normal  till  August,  1903.  From 
September,  1903,  it  showed  a  distinct  evening  rise  of  one  or  two 
degrees  until  the  day  of  its  death  on  April  18,  1904. 

The  following  table  shows  the  presence  or  absence  of 
trypanosomes  in  the  blood,  lymphatic  glands  and  cerebro- 
spinal fluid : — 
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Date. 

Pai'asitea  in 
lymph  glands 

Parasites  in  blood. 

Parasites  in 
C.S.F. 

Tryp. 

Strept 

Filar. 

Malar 

•  Tryp. 

Strept 

Tryp. 

Strept. 

1903. 

April 

9  

>  .  * 

.  • . 

•  • . 

+ 

— 

... 

... 

11  

.  .  . 

•  •  • 

•  •  • 

+ 

- 

.  .  • 

>  •  * 

... 

23  

•  ■  • 

•  *  ■ 

— 

+ 

— 

... 

30  

•  .  • 

. . . 

— 

+ 

- 

.  .  . 

•  .  • 

May 

7  

■  •  • 

■ .  * 

*  •  ■ 

+ 

+ 

*  4  • 

.  >  • 

... 

14  

•  •  ■ 

•  ■  ■ 

+ 

+ 

*  •  ■ 

• .  . 

21  

•  .  • 

•  •  ■ 

•  •  • 

+ 

+ 

*  •  • 

.  .  • 

... 

28  

■  .  . 

•  ■  • 

, , , 

+ 

+ 

■  *  ■ 

.  .  . 

t  .  h 

June 

4  

•  » • 

■ .  • 

•  • « 

+ 

... 

•  •  . 

•  .  t 

11  

•  •  ■ 

>  ■  • 

> .  • 

+ 

— 

•  •  • 

•  * . 

... 

18  

■  ■  . 

•  •  • 

*  •  ■ 

+ 

— 

«  .  • 

.  .  • 

25  

.  . . 

■  •  • 

> .  • 

— 

+ 

•  .  ■ 

... 

•  *  ■ 

July 

1  

*  .  • 

•  ■  ■ 

... 

+ 

+ 

... 

... 

)j 

23  

... 

+ 

+ 

... 

J) 

31  

•  •  ■ 

■  •  * 

+ 

— 

... 

... 

Aug. 

7  

•  •  • 

*  •  • 

+ 

+ 

... 

13  

*  .  . 

•  ■  • 

• .  • 

+ 

— 

... 

... 

... 

20  

■  ■  ■ 

*  <  • 

■  *  • 

+ 

+ 

... 

... 

» 

27  ... 

1  <  • 

•  •  • 

... 

+ 

— 

... 

... 

Sept. 

4  

.  . . 

• .  • 

+ 

+ 

•  .  • 

)) 

]2  

... 

... 

... 

+ 

+ 

... 

... 

... 

)) 

25  

.  •  • 

1 

+ 

.  •  • 

•  •  • 

.  .  • 

Oct. 

8  

... 

... 

+ 

22  

•  •  ■ 

+ 

+ 

... 

Nov. 

5  

.  .  . 

*  •  • 

•  •  • 

+ 

— 

■  .  • 

... 

19  

•  ■  • 

■  •  • 

... 

+ 

— 

... 

... 

25  

•  •  • 

■  •  • 

+ 

+ 

... 

... 

Dec. 

3  

.  .  t 

•  •  > 

•  *  • 

+ 

— 

•  •  • 

18  

•  •  • 

... 

... 

+ 

+ 

... 

31  

•  •  • 

*  •  • 

... 

1904. 

Jan. 

9  

•  •  • 

•  •  • 

... 

+ 

+ 

)) 

15  ... 

>  <  • 

*  •  • 

... 

+ 

+ 

>> 

28  

... 

+ 

+ 

... 

... 

Feb. 

6  

... 

. . . 

+ 

+ 

... 

)) 

21  

+ 

+ 

28  

+ 

+ 

March 

6  

+ 

+ 

13  

+ 

+ 

» 

20  

+ 

+ 

28  

+ 

April 

10  

+ 

+ 

11 

19  

+ 

+ 

April  19.    Died  in  the  night.  Post-mortem. 

The  body  is  not  emaciated.  Wound  in  right  femoral  region 
practically  healed  and  quite  healthy.  Superficial  glands  are 
generally  enlarged  and  somewhat  congested. 

On  opening  the  body  there  is  no  increase  of  pericardial  or 
pleural  fluid,  in  the  peritoneum  there  is  some  exudation  of 
lymph  suiTounding  the  rectum  and  lower  part  of  sigmoid  flexure 
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of  colon,  this  is  firmly  adherent  to  the  bowel  and  is  probably  a 
lew  weeks  old. 

Braw.— Oil  removing  the  calvarium  and  reflecting  the  dui-a 
mater  the  surface  of  the  bram  is  pale,  but  shows  nothing  note- 
worthy to  the  naked  eye.  Spinal  cord  removed  with  roots 
and  ganglion.  Brain  and  spinal  cord  reserved  for  minute 
examination. 

Heart. — Nothing  noteworthy. 

Limgs, — Both  are  somewhat  congested. 

Liver. — Apparently  healthy. 

Kidneys.— '^oihin^  noteworthy. 

Spleen.' — Slightly  enlarged. 

Lymphatic  glands. — Enlarged  along  aorta  and  iliac  vessels. 

Bemarks. — Clearly  in  this  experiment  the  course  of  the 
disease  was  interrupted  by  an  intercurrent  condition,  the  local 
peritonitis,  which  was  undoubtedly  occasioned  by  traumatism 
whilst  introducmg  the  thermometer  into  the  rectum,  assisted  by 
the  anaamia  occasioned  by  the  removal  of  5  c.c.  of  blood, 
brought  about  prematurely  the  fatal  issue.  It  is  interesting  to 
note  the  long  duration  of  the  disease  in  monkeys. 


Experiment  58.   Monkey,  black-faoed  variety  {Cercopi- 

thecus  sp.). 

April  21,  1903.  Injected  subcutaneously  3  c.c.  of  blood, 
containing  trypanosomes  from  Case  68,  Bara  Risgallah. 

April  30.  Trypanosomes  appeared  in  the  blood  to-day  for 
the  first  time,  nine  days  after  injection. 

August  20.  Up  to  the  present  this  monkey  has  shown  no 
signs  of  being  ill. 

December  2.  For  the  last  few  days  animal  has  been  very 
quiet  and  its  head  is  constantly  nodding.  The  grass  has  been 
allowed  to  grow  round  the  foot  of  his  box,  indicating  that  for 
some  time  past  he  has  been  out  of  health.  . 

December  3.  Animal  has  now  assumed  a  very  charac- 
teristic attitude,  crouching  on  the  ground  with  his  head  between 
his  knees — a  typical  picture  of  sleeping  sickness  as  depicted 
in  Experiment  60,  E,eport  IV. 

December  6.  Animal  is  now  lying  on  his  side  unable  to  rise. 
He  is  in  a  lethargic  condition,  apparently  dying.  Lumbar 
puncture  at  2  p.m.,  a  few  drops  of  clear  fluid  obtained — showed 
under  the  microscope  a  few  red  cells  and  active  trypano- 
somes. Breathing  regular.  Hearts  sounds  very  weak.  Died  at 
5  p.m. 

The  temperature  shortly  before  death  fell  considerably  below 
normal. 

The  following  table  shows  the  presence  or  absence  of 
trypanosomes  in  the  blood  and  cerebro-spinal  fluid  : — 
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Date. 

Pai'asites  in  blood. 

Parasites 

in  C.S.F. 

Filar. 

Malar 

TrvD 

Stren 

1 

Tryp. 

Strepto. 

-ri.pl  11  L  4    ...  ... 

*  •  • 

+ 

— 

... 

... 

).   

*  >  • 

+ 

+ 

... 

... 

iviay  / 

•  •  • 

+ 

+ 

... 

... 

... 

•  •  • 

+ 

+ 

... 

... 

... 

))  ■^i   

+ 

+ 

... 

... 

Oft 

■  •  • 

+ 

+ 

... 

J une  4    ...  ... 

... 

+ 

+ 

... 

... 

ij   

... 

... 

... 

... 

1  ft 

•  •  • 

— 

+ 

... 

... 

„     ^0  ... 

■  ■  • 

— 

+ 

... 

... 

... 

duly    i    ...  ... 

... 

— 

... 

... 

9Q 

+ 

+ 

... 

... 

»  <5i   

+ 

+ 

... 

... 

Ann-    1  *^ 

-tx  Ug,  i  (3      ...  ... 

— 

+ 

... 

... 

9A 

+ 

... 

... 

»  27   

•  •  • 

— 

+ 

... 

... 

oept.  •! 

... 

— 

+ 

... 

... 

))  12   

+ 

... 

»  25   

+ 

+ 

... 

... 

Opf  ft 

VyUu.       o      ...  ... 

+ 

■  ■  • 

„  22   

+ 

.  .  . 

A7i  yjVm    u     , , ,         , , , 

+ 

»  19   

Dec.  3   

+ 

„  6   

+ 

+     1  ... 

+ 

Post-mortem  examination  after  one  hour. 

External  appearances. — Animal  is  not  emaciated.  Slight 
general  enlargement  of  lymphatic  glands.    Pupils  normal. 

Chest.— 'No  increase  of  pericardial  or  pleural  fluid. 

Heart.— Some  jelly-hke  material  round  the  base,  otherwise 
normal. 

Lungs. — Nothing  noteworthy, 

Abdomen. — No  increase  of  peritoneal  fluid. 

Liver,  spleen,  and  kidneys.— Are  all  healthy. 

Lymphatic  glands  in  mesentery  are  enlarged. 
_  Brain.— The  surface  is  somewhat  dry,  with  slight  flattening 
of  the  convolutions  and  no  increase  of  cerebro-spinal  fluid. 
Bram  removed  entire  for  minute  investigation.  Spinal  cord 
shows  naked  eye  nothing  noteworthy ;  kept  for  microscopic 
exammation.  Smears  of  heart's  blood  show  the  presence  of 
trypanosomes  ;  they  are  few  in  number  and  peculiarly  altered, 
being  very  like  those  depicted  in  Experiment  60.  Malaria  is 
also  present. 

_  Remarks.— ThiB  experiment  is  a  most  important  one,  as  afl"ord- 
mg  proof  of  the  identity  of  the  trypanosoma  of  sleeping  sickness 
and  that  found  in  men  in  their  lymphatic  glands  and  blood, 
iowards  the  end  the  animal  presented  a  picture  of  a  sleeping 
sickness  case  in  its  last  stages;  the  mode  of  death  being  also 
similar,  viz.,  lying  in  a  state  of  torpor  with  sub-normal  tempera- 
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tiire.  The  presence  of  trypanosomes  in  the  cerebvo-spinal 
fliud  obtained  by  lumbar  puncture  was  very  suggestive.  The 
long  duration  of  the  experiment  also  brings  it  closely  into 
line  with  the  condition  found  in  sleeping  sickness,  and  this 
condition  was  produced  by  a  single  injection  of  l)lood  from 
Experiment  68,  Bara  Eisgallah.  There  was  no  other  cause  to 
account  for  the  animal's  death  apart  from  the  trypanosomes. 


ExPERiBiENT  123.    Monkey  {Cercopithecus  sp.). 


To  note  the  effect  of  blood  containing  trypanosomes  from 
Case  64,  Jordien  Murjan. 

May  25,  1903.  Examined  blood.  No  trypanosomes  pre- 
sent. Injected  1  c.c.  of  blood  from  Case  64,  Jordien  Murjan, 
into  the  brain  of  this  monkey. 

November  9.  Injected  under  the  skin  10  c.c.  blood  from 
Jordien  Murjan. 

December  31.  Animal  appears  seedy.  He  tends  to  crouch 
and  is  not  taking  his  food. 

January  9,  1904.  Drew  off  2  c.c.  cerebro-spinal  fluid  by 
lumbar  puncture  but  found  no  living  trypanosomes  in  it. 

January  22.  Condition  is  quite  typical  of  sleeping  sickness 
met  with  in  monkeys.    He  is  very  thin. 

January  24.  Somewhat  peculiarly  altered  trypanosomes 
seen  in  the  blood. 

January  29.  Animal  very  sick  to-day.  Attitude  quite 
typical.  General  tremors  of  his  body.  Eyes  are  shut  as  if 
asleep.  He  can  be  roused,  but  his  head  immediately  droops 
between  his  legs  and  his  eyes  shut.  Has  a  very  drowsy  look. 
4  c.c.  cerebro-spinal  fluid  removed  by  lumbar  puncture ;  no 
active  trypanosomes  seen. 

The  following  chart  shows  the  temperature  curve  : — 


PATE 
1904 


JANUARY. 

2  3  4  5  6  7  8  9  10  II  12  13  14  15  16  17  18  19  2  0  21  22  23  24  2526  27  28  2  9  3  0  31 
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The  following  table  shows  the  presence  or  absence  of 
trypanosomes  in  the  blood  and  cerebro-spinal  fluid :  


Date. 

Parasites  in  blood. 

Parasites  in  C.S.F. 

Filai'. 

Mai. 

j.iyp. 

xiyp. 

OUlcpL. 

1903. 

May  25 

• .  • 

... 

... 

„  28 

... 

+ 

■•• 

... 

June  4 

... 

+ 

... 

... 

„  11 

... 

+ 

+ 

... 

... 

20 

... 

+ 

+ 

... 

... 

Julv  1 

... 

+ 

+ 

... 

... 

23 

+ 

+ 

... 

... 

31 

... 

+ 

+ 

... 

... 

-A-U^.  13 

... 

+ 

... 

... 

21 

+ 

+ 

... 

... 

28 

+ 

+ 

Sept.  4   

... 

+ 

+ 

... 

... 

~  12 

... 

+ 

+ 

... 

... 

»  25   

... 

+ 

... 

... 

Oct.  8   

... 

+ 

... 

22 

+ 

... 

... 
... 

Nov.  5 

+ 

19 

... 

+ 

- 

... 

Dec.  3 

+ 

::: 

13 

+ 

»  18   

»  31   

1904. 

Jan.  9   

»  15   

»  24   

+ 

»  27   

»  29   

January  29.    Died  at  6  p.m.    Post-mortem  at  once. 

The  body  was  profoundly  emaciated.  Glands  show  shght 
general  enlargement.  Pupils  equal  and  normal.  No  sores. 
No  increase  of  fluid  in  pericardial  or  pleural  cavities,  shght 
increase  in  peritoneal  cavity. 

Brain.— On  removing  the  calvamun  and  reflecting  the  dura 
mater  the  superficial  vessels  are  seen  to  be  congested.  Slight 
flattening  of  the  convolutions,  some  increase  of  sub-arachnoid 
fluid.  Examination  of  cerebro-spinal  fluid  on  day  of  death 
showed  no  hving  trypanosomes.  Brain  removed  entire  for 
mmute  investigation. 

Heart. — No  noteworthy  change.  Blood  removed  from  it 
showed  no  trypanosomes. 

Lxmgs. — Both  healthy. 

Liver. — Healthy . 

;S;j^em.— Nothing  noteworthy. 

Kicluey ts. —Eoih  normal. 
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Glands. — Enlarged  in  mesentery — some  are  congested. 

Remarh. — Towards  the  end  this  monkey  presented  a  most 
striking  clinical  picture  of  a  sleeping  sickness  case.  The 
attitude,  the  general  tremors  of  the  body,  the  swinging 
temperatin-e,  were  all  very  marked.  The  blood  with  which 
this  animal  was  injected  was  obtained  from  a  case  which  is, 
now,  in  the  earliest  stage  of  sleeping  sickness.  The  trypano- 
somes  were  at  one  time  very  numerous  in  the  blood ;  after 
being  absent  on  several  occasions  they  reappeared  in  the  blood 
and  were  scanty  and  somewhat  altered.  The  lymphatic  glands 
were  not  examined  intra  vitam  or  post-mortem.  Had  they 
been  examined  it  is  possible  living  trypanosomes  would  have 
been  found. 

There  is  no  doubt  this  animal  died  from  trypanosoma 
infection,  as  there  was  nothing  else  to  account  for  death.  A 
similar  disappearance  of  the  trypanosomes  from  the  peripheral 
blood  was  met  with  in  the  animal  varieties ;  compare  Expen- 
ment  179  (mule)  and  Experiment  152  (Pordage's  ox). 


Experiments  on  the  Effect  of  the  Injection  op  these 
Trypanosomes  into  Dogs. 

As  stated  in  the  Further  Report,  the  native  dog  of  Uganda 
is  not  satisfactory  as  an  experimental  animal.  The  majority 
die  of  anchylostomiasis  before  the  experiment  is  finished. 

The  pup  appears  to  be  distinctly  less  susceptible  than  the 
adult.  Both  of  the  pups  became  infected  by  piroplasma  canis, 
which  also  occiu'red  amongst  other  dogs  in  Entebbe.  It  is 
probably  conveyed  by  means  of  a  tick.  This  parasite  was 
further  studied.  A  jackal  was  also  inoculated  with  blood 
containing  Trypanosoma  gambiense.  The  course  of  the  disease 
was  similar  to  that  in  the  adult  dog.  Its  susceptibility  is  not 
so  great  as  the  monkey,  but  greater  than  the  goat.  _  This 
gradation  of  susceptibility  is  also  seen  amongst  men  :  in  the 
table  giving  the  after-history  of  the  cases  in  which  trypano- 
somes were  present  in  the  iDlood  only  a  year  ago,  it  -will  _  be 
observed  that  some  cases  rapidly  passed  into  the  sleeping 
sickness  stage  and  died,  others  took  much  longer  and  some 
appeared  quite  well  about  a  year  later.  It  is  possible  that  some 
of  these  ar-e  refractory. 


Experiment  144.    Brindled  Pup. 

To  note  effect  of  subcutaneous  injection  of  cerebro-spinal 
fluid  containing  trypanosomes  from  a  case  of  sleeping  sickness 
into  a  pup. 

June  23,  1903.  Injected  4  c.c.  cerebro-spinal  fluid  con- 
taining trypanosomes  into  this  pup. 

September  1.  Again  injected  4  c.c.  cerebro-spinal  fluid 
from  case  of  sleeping  sickness. 
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September  7.  _  Injected  4  c.c.  of  cerebvo-spinal  fluid  from 
case  of  sleeping  sickness. 

September  14.  Injected  8  c.c.  of  cerebro-spinal  fluid  from 
case  of  sleeping  sickness. 

September  29.  Blood  examined  and  pyvosoma  canis  was 
observed  to  be  present, 

October  1.  Blood  very  pale.  At  4  p.m.  animal  passed  a 
little  urine;  examined  spec troscopically  showed  the  presence  of 
haemoglobin. 

The  temperature  fell  to  101''  on  October  1,  1903. 

The  following  table  shows  the  number  of  red  cells,  the 
percentage  of  haimoglobin  and  the  -presence  or  absence  of 
pyrosomes  and  trypanosomes  in  the  blood:— 


Date. 


E.B.C. 


Hb. 
per 
cent. 


Parasites  in  the  blood. 


Filar. 


Malar. 


Pyro, 


Tryp. 


1903. 
June  30  ... 
July  17  ... 

„    21  ... 

„  28  ... 
Aug.  4  ... 

„    14  ... 

„    18  ... 

„  25  ... 
Sept.  1  ... 

„     8  ... 

„    22  ... 

„  29  ... 
Oct.     1  ... 


1,600,000 


15 


+ 
+ 


October  3.  Post-mortem. 

The  body  is  fairly  well  nourished.  Superficial  glands  not 
enlarged.  On  opening  the  body  there  is  no  increase  of  fluid  in 
the  pencardial,  pleural  or  peritoneal  cavities. 

Heart. — Appears  to  be  normal. 

Lungs. — Both  show  minute  embolic  areas. 

Zim-.— Somewhat  enlarged  and  apparently  fatty. 
_  -S/^/^ew.— Considerably    enlarged,  measures  7   inches  by 
2  mches. 

Kidneij s. —Both  distinctly,  congested,  especially  the  cortex 
and  surface. 

Bladder. — Contained  some  reddish  brown  urine. 

Remarks.~ln  this  experiment,  although  repeated  injections 
ot  cerebro-spmal  fluid  were  made,  the  animal  remained  com- 
pletely refractory.  In  this  animal  the  pyrosoma  canis  developed, 
and  gave  use  to  all  the  usual  signs  of  this  disease  as  met  with 
m  dogs. 
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Experiment  146.   Black  Pup. 

June  23,  1903.  Injected  subcutaneously  4  c.u.  of  blood 
from  Case  64,  Jordien  Muijan,  into  this  dog. 

September  21.  Again  injected  5  c.c.  of  blood  from  Case  64, 
Jordien  Murjan. 

September  26.  Pyrosoma  canis  observed  in  the  blood. 
Blood  is  very  pale  and  watery. 

October  13.    Dog  is  out  of  condition — no  dark  urine  noted. 

November  3.  Has  been  lying  about  lately,  during  night  he 
passed  smoky  urine.  This  showed  a  hsemoglobin  band  on 
spectroscopic  examination.  Considerable  quantity  of  albumen 
present. 

The  temperature  remained  about  normal  until  November  5, 
1903  (the  day  of  death),  when  it  fell  to  93-2. 

The  following  table  shows  the  presence  or  absence  of 
pyrosomes  and  trypanosomes  in  the  blood : — 


Date. 


Parasites  in  the  blood. 


Filar. 


Malar. 


Pyrosoma. 


Tryp. 


Jime  30... 
July  17... 
„  21... 
„  28... 
4... 
14... 
18... 
25... 
1... 
8... 
15... 
22... 
29... 
1... 
„  2... 
„  4... 
„  6... 
„  7... 
„  8... 
„  12... 
„  26... 
Nov.  3... 


1903. 


Aug. 


Sept. 


Oct. 


+ 
+ 
+ 
4- 
+ 
+ 
+ 
+ 
+ 
+ 


November  5.  Post-mortem. 

The  body  is  Mrly  well  nourished.  No  enlargement  of 
superficial  glands.  No  increase  of  fluid  in  pericardia],  pleural  or 
peritoneal  cavities. 

Heart. — Nothing  noteworthy. 

Lungs. — Roth  show  areas  of  embolism.  Examination  of 
these  microscopically  shows  many  red  cells  infected  with 
pyrosomes. 
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Liver. — Congested. 

Spleen. — Distinctly  enlarged,  measures  10  inches  by  2^ 
inches.  Microscopically  shows  corpuscles  infected  with  pyro- 
somes. 

Kidneys.— ^&kQ^  eye  show  nothing  noteworthy.  Capsule 
strip  readily. 

Bladder. — Contains  urine  which  on  examination  shows  the 
presence  of  blood. 

Remarks. — This  experiment  shows  that  the  young  dog  is 
absolutely  refractory  to  the  Trypanosoma  gambiense,  although 
the  experiment  lasted  nearly  5  months.  It  was  of  interest 
further,  in  that  the  pyrosoma  canis  developed  in  it.  This  was 
one  of  a  number  of  animals  in  Uganda  in  whom  this  parasite 
was  discovered.  Some  inoculations  were  made  to  determine 
the  effects  on  different  animals  of  this  parasite. 


Experiment  151.  Jackal. 

To  note  the  effects  of  subcutaneous  injection  of  blood  from 
a  man  not  showing  signs  of  sleeping  sickness  into  a  jackal. 

July  24,  1903.  Injected  subcutaneously  4  c.c.  blood  from 
Case  31,  Karala  Barigi. 

November  2.  This  animal  killed  and  almost  entirely 
consumed  a  monkey,  Experiment  232,  in  whose  blood  trypano- 
somes  of  the  animal  variety  were  abundantly  present. 

November  3.    Blood  of  animal  contains  many  trypanosoraes. 

The  following  table  shows  the  presence  or  absence  of 
trypanosomes  in  the  blood : — 


July  24 
Aug.  4 
„  18 


Date 


Parasites  in  the  blood. 


Filaria. 


Malaria. 


Trypanosoma. 


1903. 


25   

Sept. 

1   

» 

8   

)) 

22   

)) 

29   

Oct. 

13   

)) 

27   

Nov. 

3   

+ 

+ 

+ 
+ 

+ 


Rema7-ks.—'n\\B  expeiiment  shows  that  the  effects  produced 
m  an  adult  jackal  by  the  Trypanosoma  gambiense  are  practi- 
cally the  same  as  in  the  adult  dog.  'I"he  animal  is  only  partially 
susceptible.    The  invasion  of  the  other  trypanosoma  following 
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the  eating  of  the  monkey  way  undonbtedly,  due  to  the  animal 
havnig  punctured  itself  with  the  bones,  and  in  this  Avay 
became  infected  with  a  variety  of  trypauosoma  to  wliich  it  is 
susceptible. 


Experiment  198.   Cat  (full  grown). 

To  note  the  effect  of  subcutaneous  injection  of  blood  from 
a  case  of  trypauosoma  fever  into  a  cat. 

September  23,  1903.  Injected  subcutaneously  to-day 
10  c.c.  of  blood  from  case  of  trypauosoma  fever,  Karala  Barigi. 

November  11,  1903.  Again  injected  8  c.c.  of  blood  from 
case  of  trypauosoma  fever,  Karala  Barigi. 

January  19,  1904.  Trypanosomes  appeared  in  the  blood 
to-day,  69  days  after  second  injection. 

The  following  table  shows  the  presence  or  absence  of 
trypanosomes  in  the  blood : — 


Sept.  23 

)) 

30 

Oct. 

3 

10 

)' 

15 

20 

)> 

27 

Nov, 

3 

)) 

11 

)) 

17 

)) 

24 

Dec 

1 

)) 

15 

)) 

29 

Jan. 

12 

)) 

19 

>} 

26 

Feb. 

2 

)) 

9 

)) 

16 

23 

Mch. 

1 

>) 

8 

)) 

15 

)) 

22 

)) 

29 

5 

») 

12 

1) 

17 

11 

26 

Date. 


Parasites  in  the  blood. 


Filaria. 


Mahiria. 


Trypanosoma. 


1903. 


1904. 


+ 
+ 
+ 

+ 
+ 


+ 


+ 
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Date. 

Parasites  in  the  blood. 

Filaria. 

Malaria. 

Trypanosoma. 

May  3   

. . . 

— 

+ 

10   

... 

— 

+ 

»  17   

— 

»  31   

... 

— 

June  14 

. . . 

- 

»  21   

.  •  • 

— 

— 

„  28   

— 

T      1           T  c\ 

July  12   

... 

- 

„  19   

»   

Au^.  2   

16   

„  23   

»  30   

Sept.  3   

September  3,  1904.  The  animal  died  to-day.  It  had  been 
partially^  devoured  by  another  cat.  The  general  condition 
good.  Superficial  glands  are  not  enlarged.  Coat  is  in  good 
order.  No  opacity  of  corner.  No  oedeniatous  swellings. 
No  increase  of  fluid  in  the  pericardial,  pleural  or  peritoneal 
cavities. 

Heart.— Shows   nothing  noteworthy.      The  examination 
of  the  blood  from  this  organ  shows  no  trypanosomes. 
Luncjs. — Both  healthy. 
Liver. — Rather  pale,  otherwise  healthy. 
Kidneys.— VaXe,  otherwise  both  healthy. 
Lymphatic  glands. — Are  not  enlarged. 

Remarks. — This  experiment  illustrates  the  course  of  the 
disease  in  the  cat.  Like  the  dog  this  animal  shows  a  very 
shght  susceptibility,  the  trypanosome  tending  to  die  out  after 
benig  ui  the  blood  for  a  short  time.  This  animal  probably 
died  from  the  effects  of  traumatism. 


Experiment  308.   Cat,  Young. 

To  note  the  effect  of  subcutaneous  injection  of  blood  from 
a  case  of  sleeping  sickness  into  a  young  cat. 

June  23,  1904.  Injected  subcutaneously  2*5  c.c.  of  blood 
from  a  case  of  sleeping  sickness.  The  blood  contained 
numerous  active  tr5''panosomes. 

July  12.  Injected  subcutaneously  3*5  c.c.  of  blood  from 
same  case  of  sleeping  sickness. 

July  20.  Trypanosomes  were  found  in  the  blood  for  tlie 
first  time  the  14th  day  after  2nd  injection. 

The  following  table  shows  the  presence  or  absence  of 
trypanosomes  in  the  blood : — 


96 


Date. 

Parasites  in  the  blood. 

Malar. 

Filar. 

Tryp. 

1904. 

June  28   

July  12   

„  19   

26   

Aug.  2 

„  9   

„  16   

„  23   

30   

Sept.  6   

„  13   

27   

Oct.  4   

»  11   

+ 

+ 
+ 
+ 

+ 
+ 
+ 

Remarks. — This  experiment  shows  that  the  cat  can  be 
infected  with  the  trypanosoma  derived  fr^m  a  case  of  sleeping 
sickness.  Experiment  198  sliows  that  the  cat  was  snsceptible 
also  to  the  infection  by  the  trypanosoma  derived  from  the 
blood  of  a  man  showing  no  signs  of  the  disease. 


On  the  effect  of  the  injection  of  these  Trypanosomes  into 
Guinea-jngn,  Donkeys,  Oxen,  Sheep  and  Goats. 

Experiment  82.   Guinea  Pig. 

To  note  the  effect  of  subcutaneous  Injection  of  cerebro- 
spinal fluid  containing  trypanosomes  from  a  case  of  sleeping- 
sickness  into  guinea  pig. 

May  5,  1903.  Injected  5  c.c.  of  cerebro-spinal  fluid  contain- 
ing trypanosomes  into  this  guinea  pig  subcntaneously. 

September  1,  1903.  Injected  2  c.c.  cerebi-o-spinal  fluid  from 
case  of  sleeping  sickness  subcntaneously. 

August  18,  1904.  Injected  3  c.c.  of  cerebro-spinal  fluid  from 
case  of  sleeping  sickness.  The  cerebro-spinal  fluid  contained 
many  active  trypanosomes. 

Trypanosomes  remained  absent  from  the  blood  of  this 
animal  until  after  the  third  injection.  They  were  first  observed 
in  the  blood  on  October  4  and  continued  present. 

Remarks. — In  this  guinea  pig  also  trypanosomes  have 
appeared  in  the  blood,  thus  showing  that  the  guinea  pig  is  not 
absolutely  refractory. 
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Experiment  81.    Guinea  Pig  ("Female). 

To  note  the  effect  of  subcutaneous  injection  of  blood 
containing  tiypanosomes  from  man  showing  no  signs  of  sleeping 
sickness  into  a  guinea  pig. 

May  1,  1903.  Injected  ^  c.c.  of  blood  from  Case  66,  Jordien 
Murjan,  containing  trypanosomes. 

September  21.  Injected  5  c.c.  of  blood  from  Jordien  Murjan 
sub  cutane  ously. 

June  23.  Injected  2'5  c.c.  blood  from  case  of  sleeping 
sickness.    The  blood  contained  trypanosomes. 

No  trypanosomes  were  found  in  the  blood  up  to  June  28, 
1904. 

The  following  table  shows  the  presence  or  absence  of 
tr}^anosomes  in  the  blood  after  that  date  : — 


» 


July  12 
„  26 
Aug.  2 
4 
9 

16 
2.3 

30 
6 
13 
27 
4 

»  11 
„  18 
Nov.  2 


Sept. 


Oct. 


Date. 


Parasites  in  the  blood. 


Filar. 


Malar. 


Tryp. 


+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 


Remarks. — In  this  case  the  trypanosomes,  appeared  in  the 
blood  after  repeated  injections;  the  blood  used  in  the  last 
injection  contained  a  very  large  number  of  trypanosomes. 


Experiment  306.   Guinea  Pig. 

To  note  the  effect  of  subcutaneous  injection  of  blood 
containing  trypanosomes  from  a  case  of  sleeping  sickness  into 
a  guinea  pig. 

June  25,  1904.    Injected  2-5  c.c.  of  blood  from  a  case  of 
slcepmg  sickness.    The  blood  contained  many  trypanosomes. 
_   July  12.^  Injected  3  c.c.  of  blood  from  a  case  of  sleeping 
sickness.    The  trypanosomes  were  numerous  in  the  blood 
injected. 

(7390)  „ 
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No  trypanosomes  were  found  in  the  blood  of  this  animal  at 
any  time  dining  the  course  of  the  disease. 

Experiment  101.  Donkey. 

To  note  the  effect  of  subcutaneous  injection  of  blood 
containing  trypanosomes  from  man  showing  no  obvious  signs 
of  sleeping  sickness  into  donkey. 

May  11,  1903.  Examined  blood.  No  trypanosomes.  No 
malaria. 

May  15.  Injected  10  c.c.  blood  from  Case  68,  Bara  Risgallah, 
into  this  donkey. 

May  26.    Again  injected  10  c.c.  blood  from  Case  68. 

May  27.  To-day  large  swelling  was  noticed  in  the  region 
of  the  second  injection. 

June  5.    Abscess  opened;  several  ounces  of  pus  evacuated. 

September  21.  Again  injected  with  10  c.c.  blood  from  case 
Jordien  Murjan. 

No  trypanosomes  were  found  in  the  blood  of  this  animal  at 
any  time  during  the  course  of  the  disease. 

October  13.  The  blood  of  this  animal  never  having  shown 
the  presence  of  trypanosomes  even  after  injection  of  blood,  it 
was  tested  with  one  of  the  animal  varieties  of  tiypanosomes, 
vide  Experiment  229. 

Experiment  312.  Donkey. 

To  note  the  effect  of  subcutaneous  injection  of  blood 
containing  trypanosomes  from  a  case  showing  no  signs  of 
sleeping  sickness  into  a  donkey.  ■ 

August  6,  1904.  Injected  subcutaneously  7  c.c.  of  blood 
from  Case  304,  Manawa.  The  blood  contained  numerous  active 
trypanosomes. 

August  18.    Again  injected  10  c.c.  of  blood. 

No  trypanosomes  were  found  m  the  blood  of  this  animal  at 
any  time  dnring  the  course  of  the  disease. 

Experiment  305.  Donkey. 

To  note  the  eflect  of  subcutaneous  injection  of  cerebro- 
spinal fluid  from  a  case  of  sleeping  sickness  into  a  donkey. 

June  15,  1904.  Injected  2  c.c.  of  curebro- spinal  fluid  from 
a  case  of  sleeping  sickness.  The  cerebro-spinal  fluid  contained 
raany  active  trypanosomes, 

.July  15.  Injected  4  c.c.  of  cerebro-spinal  fluid  from  a  case 
of  sleeping  sickness. 

The  tiypanosomes  were  never  found  in  the  blood  of  this 
animal  at  any  time. 
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Experiment  132.   Ox,  Small  Yellow. 

Jtine  17,  1903.    Blood  ex9,mmed,  tiypanosomes  absent. 

June  21.  Injected  snbcntaneonsly  10  c.c.  of  cerebro-spinal 
fluid  containing  tiypanosomes  from  a  case  of  Hleeping  sickness 
into  this  ox. 

Angust  25.  Injected  snbcntaneously  10  c.c.  of  cerebro- 
spinal flnid  from  case  of  sleeping  sickness. 

September  1.  Again  injected  snbcntaneously  10  c.c.  of 
cerebro-spinal  fluid  into  tliis  ox. 

September  14,  Injected  snbcntaneously  10  c.c.  of  cerebro- 
spinal fluid  from  case  of  sleeping  sickness. 

June  15,  1904.  Injected  subcutaneously  4  c.c.  of  cerebro- 
spinal fluid  containing  many  trypanosomes  from  a  case  of 
sleeping  sickness. 

August  18.  Injected  subcutaneously  10  c.c.  of  cerebro- 
spinal fluid  containing  many  trypanosomes. 

_  No  trypanosomes  were  ever  detected  in  the  blood  of  this 
animal. 

Experiment  148.  Ox. 

July  1,  1903.    Blood  examined,  trypanosomes  absent. 

July  22.  Injected  subcutaneously  10  c.c.  of  blood  from  Case 
64,  Jordien  Murjan,  into  this  ox. 

September  21.  Again  injected  subcutaneously  5  c.c.  of 
blood  containing  active  trypanosomes  from  Jordien  Murjan. 

September  23,  1904.  Injected  subcutaneously  7  c.c.  of 
blood  from  Case  304,  Manawa.  The  blood  contained  many 
active  trypanosomes. 

Trypanosomes  were  never  detected  m  the  blood  of  this 
animal  at  any  time. 


ExPEEiMENT  89.   Sheep,  Brown. 

_  To  note  the  effect  of  subcutaneous  injection  of  cerebro- 
spmal  fluid  containing  trypanosomes '  from  a  case  of  sleeping 
sickness  into  a  sheep. 

May  11,  1903.  Injected  10  c.c.  of  cerebro-spinal  fluid 
contammg  trypanosomes  from  a  case  of  sleeping  sickness  into 
this  sheep. 

June  30.    Again  injected  10  c.c.  of  fluid. 

August  25.    10  c.c'  of  cerebro-spinal  fluid  injected. 

September  1.    10  c.c.  of  cerebro-spinal  fluid  injected. 

September  14.    10  c.c.  of  cerebro-spinal  fluid  injected. 

June  15,  1904.  Injected  2  c.c.  of  cerebro-spinal  fluid  con- 
tammg many  trypanosomes. 

July  15.  Injected  4  c.c.  of  cerebro-spinal  fluid  containing 
many  trypan  os  oines. 

August  18.  Injected  6  c.c."  of  cerebro-spinal  fluid  containing 
many  trypanosomes.  —    ^     .  .  o 

H  2 
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Trypanosomes  were  uever  found  in  the  blood  of  tliis  animal. 
The  blood  was  examined  weekly. 

Remarks. — AlthoiTgh  repeated  mjections  of  the  fluid  were 
made  in  this  case,  yet  the  trypanosomes  have  never  appeared  in 
the  blood  of  tlie  animal. 

Experiment  149.    Sheep,  Small  Brown  and  White. 

To  note  effect  of  subcutaneous  injection  of  blood  containing 
trypanosomes  from  a  man  showing  no  obvious  signs  of  sleeping 
sickness  into  sbeep. 

June  25,  1903.  Injected  subcutaneously  5  c.c.  blood  from 
Case  63,  Kumsarsabba,  containing  active  trypanosomes. 

September  23.  Again  injected  10  c.c.  blood  subcutaneously 
from  case  Karala  Bariji. 

Trypanosomes  were  never  found  in  the  blood  of  this  animal. 
The  blood  was  examined  weekly. 

November  12.    Sheep  died  this  afternoon.  Post-mortem. 

The  body  was  not  emaciated. 

Heart. — Fat  about  base  partially  absorbed.  Blood  very 
pale. 

Lungs. — Nothing  noteworthy. 

Liver,  Spleen  and  Kidneys. — Showed  no  naked  eye  change. 
Remarhs. — This  animal  never  showed  the  trypanosomes  in 
his  blood.    It  was  inoculated  on  two  occasions  with  blood. 

Experiment  90.  Goat. 

To  note  effect  of  subcutaneous  injection  of  blood  containing 
trypanosomes  from  a  man  showing  no  signs  of  sleeping  sickness 
into  a  goat. 

May  11,  1903.  Injected  subcutaneously  5  c.c.  of  blood  from 
Case  64,  Jordien  Murjan,  containing  trypanosomes,  into  this 
goat. 

September  23.  Injected  subcutaneously  10  c.c.  of  blood 
from  Case  63,  Karala  Bariji. 

June  23,  1904.  This  animal  having  never  shown  trypano- 
somes in  the  blood,  5  c.c.  of  blood  from  a  sleeping  sickness  case 
was  injected  siibcutaneously. 

July  15.  Trypanosomes  have  not  appeared  in  the  blood, 
4  c.c.  of  cerebro-spinal  fluid  from  a  case  of  sleeping  sickness 
was  injected. 

August  18.  Again  injected  6  c.c.  of  cerebro-spinal  fluid 
containing  many  active  trypanosomes  from  a  case  of  sleeping- 
sickness. 

August  31.  Trypanosomes  appeared  in  the  blood  to-day, 
thirteenth  day  after  last  inoculation. 

Trypanosomes  were  once  found  in  the  blood  of  this  animal. 

Remarks. — This  animal  has  shown  trypanosomes  in  the 
lilood.    It  would  appear,  therefore,  that  the  goat  is  to  a  very 
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sliglit  extent  susceptible  to  infection  by  Trypanosoma 
gambiense. 

Experiment  313.  Goat. 

To  note  the  eflfect  of  subcutaneous  injection  of  blood 
containing  tvypanosomes  from  a  case  showing  no  signs  of 
sleeping  sickness  into  a  goat. 

August  6,  1904.  Injected  5  c.c.  of  blood  from  Case  304, 
Manawa.    The  blood  contained  numerous  active  trypanosnmes.' 

Trypanosomes  were  never  found  in  the  blood  of  this 
animal. 

Experiment  152.   Mr.  Pordaqe's  Ox. 

June  3, 1903.  Found  trypanosomes  in  blood.  Injected  doff 
Experiment  128.  ^' 

August  13.  We  received  this  ox  from  Mr.  Pordage  It  is 
merely  a  hide-bound  skeleton. 

August  16.  _  No  trypanosomes  found  in  films,  but  in  numbers 
alter  centnfuging.    Again  injected  blood  into  dog,  Experiment 

September  5.  Animal  is  getting  gradually  thinner.  The 
superhcia]  lymphatic  glands  are  greatly  enlarged.  About  30  c.c. 
ot  blood  drawn  off  and  examined  after  centrifugine-  but  no 
trypanosomes  were  found. 

September  28.  Animal  was  unable  to  walk.  The 
temperature  fell  to  94-6.    He  died  at  11.30  a.m. 

Ihe  following  chart  represents  the  course  of  the  fever 
tor  about  one  month  before  death. 


DATE 
I90J 


AUGUST. 

13  14  15 1617  1819 


SEPTEMBER . 


5  6  7  8  9  10  II  12  13  K  IS  16  17  18 19 20 21  22 23 2425 26 272? 


The  following  table  shows  tlie  presence  or  absence  of 
tiypanosomes  m  the  blood :— 
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Date. 

Parasites  in  the  blood. 

Filar. 

Malar. 

Tryp. 

1903. 

June 

3 

+ 

Aug. 

16 

+ 

)) 

19 

+ 

Sept. 

5 

>) 

16 

)) 

28 

September  28.    Died  at  ll.iiO  a.m.  Post-mortem. 

The  body  is  profoundly  emaciated.  The  superficial  glands 
were  genei-ally  enlarged  and  on  section  distinctly  congested.  A 
little  jelly-like  material  present  in  subcutaneous  tissue.  Left 
cornea  showed  some  opacity,  none  of  right. 

On  opening  the  body,  a  little  clear  fluid  escaped  from  the 
pericardial  cavity — no  increase  of  fluid  in  pleural  or  peritoneal 
.cavities. 

Heart. — Pale,  shows  yellow  jelly-like  material  round  base. 
Two  small  petechia^  seen  under  endocardium  of  left  ventricle. 
Lungs. — Both  healthy. 

Liver. — Contained  two  flukes,  otherwise  healthy. 

Spleen. — Somewhat  enlarged. 

Kidnei/s. — Pale,  otherwise  nothing  noteworthy. 

Glands. — Retroperitoneal  and  mesenteric  were  enlarged. 

Remarks. — This  variety  of  trypanosoma  more  closely 
approaches  the  Trypanosoma  gambiense  than  the  other  animal 
varieties  which  we  have  investigated  in  Uganda.  Dogs  are 
very  susceptible  to  the  other  animal  varieties,  biit  proved 
refractory  when  inoculated  with  this  variety. 

10.  Farther  Observations  on  the  Distribution  of  Glossina  palpalis. 

Since  the  last  report,  furtl  er  observations  have  been  made 
on  the  distribution  of  the  fly  and  sleeping  sickness.  The  results 
of  these  additional  observations  have  been  added  to  the  maps 
of  the  distribution  given  in  the  Further  Report,  which  have 
been  extended  in  order  to  embrace  them.  Its  occurrence  round 
Lake  Albert  is  interesting  and  important.  In  the  light  of  this 
discovery,  additional  significance  was  given  to  a  case  of 
sleeping  sickness  coming  from  this  district.  The  following  are 
the  chief  points  in  the  case : — 

The  patient  was  a  Swahih  sailor,  named  Sururu  Bin  Mze, 
who  was  employed  on  the  Government  boat  running  between 
Butiaba  and  Wadelai.  Two  years  ago  he  came  from  Mombasa, 
and  passed  through  Entebbe,  remaining  there  for  a  day  only, 
and  then  proceeded  direct  to  Lake  Albert.  He  remained  at  his 
work  for  two  years  ;  being  then  time-expired,  he  was  discharged. 
On  the  journey  to  Entebbe  he  became  ill,  and  Avheu  admitted 
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into  hospital  here  on  August  17,  1904,  he  had  undoubted  signs 
of  sleeping  sickness,  with  many  trypanosomes  in  the  glands 
and  cerebro-spinal  fluid. 

The  question  arises,  did  this  man  acquii-e  the  disease  locally, 
or  was   it  an  imported  case?    In  any  case,  an  individual 
harboiu-ing  so  many  trypanosomes  could  readily  have  infected 
flies  in  the  belt  in  which  he  was  working,  and  so  spread  the 
disease.    Further  information  on  this  point  is  being  obtained.* 
Dr.  C.  A.  Wiggins  made  a  journey  from  Mumia's  to  Shirati 
and   ascertained   the   distribution  of  the  fly   and  sleeping 
sickness  there.    In  his  Heport  to  the  P.M.O.  East  Africa  and 
Uganda  Protectorates,  dated  30th  March,  1904,  he  mentions  a 
point  of  coDsiderable  interest.    He  states,  "  I  pitched  my  tent 
near  Omorie's,  close  by  the  river,  which  runs  into  Horn  a  Bay, 
and  here  I  found  no  tsetse  and  no  sleeping  sickness,  which 
surprised  me,  as  I  knew  sleeping  sickness  was  present  on  the 
Lake  shore.    The  country  here  is  open  plain,  more  or  less  cut 
off  froni  the  Lake  by  a  chain  of  small  circular  hills.  Afterwards, 
when  interviewing  the  chief,  he  told  me  that  he  had  had  sleeping 
sickness  in  his  villages  nearly  three  years  ago,  but  there  was 
none  now,  as  he  had  forbidden  his  people  to  go  to  the  Lake  for 
fish,  or  to  mix  with  the  Wagemi  near  the  Bay.    When  I  told 
him  that  sleeping  sickness  was  caused  by  the  bite  of  the  tsetse, 
he  and  all  his  men  readily  believed  it," 

Dr.  Wiggins'  general  conclusions  as  a  result  of  his 
observations  on  the  journey  are,  "  (1)— That  where  there  are 
trees  or  bushes  near  the  water  the  flies  are  found,  and  sleeping 
sickness  occurs  in  these  places.  Conversely,  where  there  are  no 
trees  there  are  no  flies  and  no  sleeping  sickness  ;  papyrus  does 
not  shelter  them  :  also,  that  there  is  sleeping  sickness  inland 
among  those  tribes  who  go  to  the  lake  for  tish  at  any  point  where 
tsetses  are  at  the  Lake  shore.  (2)— That  sleeping  sickness  spread 
from  Uganda  and  Usoga  eastward  and  southward.  (3)— That 
there  is  no  sleeping  sickness  east  of  a  line  drawn  from  the 
Maragoli  hills  down  the  Maragoli  stream  to  the  bay,  and  then 
across  the  bay  (Kavirondo)  to  Homa,  the  three  or  four  cases  east 
of  this  probably  imported.  This  line  is  also  the  eastern  Hmit  of 
the  distnbution  of  the  tsetse  fly  with  the  exception  of  Kibuye 
I.e.,  Port  Florence  District.  (4)— That  the  only  river  which 
cames  the  fly  inland  is  the  Kuja  river,  which  is  the  only  one 
that  has  trees  at  its  mouth  and  thick  vegetation  along  its 
course.  ° 

The  latest  information  shows  that   sleeping  sickness  is 
occurnng  on  the  shores  of  the  Albert  Edward  Lake. 


*  Vide  Report  12  (p.  273), 
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11.  Tlie  Tsetse  Flies  (Glossina  palpalls)  tohich  had  previously  fed 
on  a  case  of  Sleeping  Sickness  or  were  freshly  caught,  can 
produce  in  the  Monkey  an  exactly  similar  disease  to  that 
produced  by  inoculation  of  fluid  containing  Trypanosoma 
gambiense. 

Since  the  publication  of  the  last  Report  the  after-histoiy  of 
several  of  the  monkeys  in  whom  the  infection  was  pi-oduced, 
either  by  freshly  canght  flies  at  Entebbe,  or  flies  which  had 
previously  fed  on  sleeping  sickness  cases,  has  been  studied. 

The  result  of  these  investigations  shows  that  the  disease, 
whether  induced  by  the  injection  of  fluid  containing  the 
Trypanosoma  gambiense,  by  the  bite  of  the  fresh  fly  or 
previously  infected  ones,  is,  in  the  monkey,  identical  in  all 
respects.  These  facts  strongly  support  the  contention  that  the 
fresh  fly  trypanosoma  is  the  Trypanosoma  gambiense. 

A  point  of  interest  and  importance  in  this  connection  is  that 
since  the  hut  tax  labourers  (one  in  every  two  or  three  of  whom 
had  the  Trypanosoma  gambiense  in  bis  blood)  have  left  the  fly 
belt  at  Entebbe,  it  has  taken  a  very  much  larger  number  of 
flies  to  infect  the  monkey  than  it  did  when  they  were  present. 
It  is,  therefore,  fair  to  assume  that  the  chief  source  at  Entebbe, 
from  which  the  wild  'fly  obtained  its  supply  of  trypanosomes, 
was  the  body  of  men  brought  in  from  the  various  districts  for 
the  purpose  of  hut-tax  labom-. 


Experiment  97.   Monkey  {Cercopithecus  sp.). 

To  observe  the  course  of  the  disease  after  infection  by 
feeding  flies  on  this  monkey  eight  hours  after  feeding  on  a 
sleeping  sickness  case. 

July  1,  1903.  Trypanosomes  are  noted  as  being  in  the 
blood  for  the  first  time.  .  . 

December  18.    Animal  is  beginning  to  get  out  of  condition. 

January  3rd,  1904.  Animal  has  now  assumed  the  character- 
istic attitude.    He  is  very  weak  and  ill. 

January  13.  This  afternoon  he  collapsed  on  the  ground, 
and  had  convulsive  movements  of  limbs. 

The  following  chart  shows  the  temperature  curve  :— 


DATE 
1903 
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106 
105 
104 
103 
102 
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100 
99 
98 
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96 
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The  following  table  shows  the  presence  or  absence  of 
trypanosomes  in  the  blood  and  cerebro-spinal  fluid. 


Date. 

Parasites  in  blood. 

Parasites 

in  C.S.r. 

-L  llatL  XOii 

Ivi  Q la T*l n 
JJJ.CL1C11  Id. 

Trvn 

Tryp. 

Strept. 

1903. 

July  2 

... 

+ 

+ 

. .  • 

.  *  . 

Aug.  3 

+ 

... 

„  21 

... 

+ 

- 

... 

Sept.  12 

+ 

„  25 

3)                                   •  •  • 

+ 

Oct.  8 

+ 

... 

... 

Dec.  10 

+ 

„  13 

„  18 

+ 

1904. 

Jan.  3 

+ 

9 

+ 

„       13  ... 

+ 

+ 

January  13.  Animal  died  suddenly  at  5  p.m.  Post-mortem 
at  once.  The  body  is  rather  emaciated.  Pupils  equal  and 
normal.  Slight  general  enlargement  of  superficial  lymphatic 
glands. 

Brain. — On  removing  the  calvarium  and  reflecting  the  dura 
mater  some  congestion  of  the  superficial  vessels  is  seen.  No 
distinct  flattening  of  convolutions.  Cerebro-spinal  fluid  ex- 
amined imder  the  microscope,  no  active  trypanosomes  seen. 
Brain  removed  entire  for  minute  examination.  Some  increase 
of  fluid  in  pericardial  and  peritoneal  cavities,  no  increase  of 
pleural  fluid. 

Heart. — Nothing  noteworthy.    Blood  from  this  organ  ex- 
amined on  day  of  death  showed  the  presence  of  trypanosomes. 
Lungs. — Both  healthy. 
Liver. — Nothing  noteworthy. 
Spleen. — Slightly  enlarged. 
Kidneys. — Both  healthy. 

G^Zanc/.?.— In^mesentery  and  along  great  vessels  are  enlarged. 

l<emarks.—'V\n&  experiment  is  of  importance  as  affording 
proof  that  the  trypanosoma  introduced  by  the  bite  of  flies  which 
had  previously  fed  on  a  case  of  sleeping  sickness,  is  capable  of 
inducing  in  the  healthy  monkey  exactly  the  same  phenomena 
as  those  produced  by  the  injection  of  cerebro-3pinal  fluid  or 
blood  from  a  sleeping  sickness  case.  The  trypanosomes  could 
not  be  detected  m  the  peripheral  circulation  on  several  occasions. 
They  were,  however,  present  on  the  day  of  death. 

There  was  no  other  cause  to  account  for  the  animal's  death 
apart  from  the  trypanosoma  infection.  The  naked  eye  changes 
in  the  brain  were  slight. 


106 


Experiment  228.    Monkey  ( Cercopithecus  sp.). 

To  note  the  effect  of  the  trypanosoma  carried  by  the  tsetse 
flies  freshly  caught  in  the  vicinity  of  Entebbe  on  a  monkey. 


October 

12, 

1903. 

Blo 

od  1 

examined. 

No  ti'vnaTioRoiTiPR 

?> 

13, 

Fed  49  flies  freshly 

can  o'lif. 

14, 

91 

zlQ 

55 

?  5 

15, 

5? 

5? 

5> 

!> 

16, 

?9 

55 

)9 

17, 

9» 

)9 

14 

55 

J5 

18, 

'5 

59 

18 

59 

?  5 

19, 

1) 

>' 

0 

95 

5) 

20, 

J) 

>5 

25 

fi 

)5 

21, 

») 

)J 

12 

99 

>5 

22, 

>? 

•9 

10 

99 

J5 

23, 

JJ 

'5 

15 

59 

)) 

24, 

J! 

5) 

32 

99 

■  !> 

25, 

5! 

55 

57 

55 

>) 

26, 

5; 

55 

0 

95 

)9 

27, 

?5 

55 

32 

9> 

>) 

28, 

)) 

55 

16 

99 

29, 

5) 

55 

28 

59 

Blood  examined. 
October  30,  1903. 

5J  31,  ,, 
November  1,  „ 

29  55 

3,  „ 

4,  „ 

)5  "5  59 

Blood  examined. 
November  6,  1903. 
7, 


95 
59 
99 


55 
95 
99 
9) 
99 
55 


8, 
9, 
10, 
11, 
12, 


59 
55 
55 
55 

'5 
55 


Trypanosomes  absent.    Malaria  present. 
Fed  52  flies. 
,5  24 
28 
0 
26 

14  „ 

„    30  „ 

Trypanosomes  absent.    Malaria  present. 
Fed  20  flies. 
24 


55 
59 
55 
55 


95 

59 
99 

55 


99 
99 
99 
99 

95 
99 


17 
0 
20 
18 
20 


99 
95 
99 
99 
95 
95 


Blood  examined.  Trypanosomes  absent.  Malaria  present. 
November  13,  1903.    Fed  14  flies. 

26 


55 
59 

J9 

99 

99 
99 


145 

15, 
16, 

175 

18, 
19, 


'5 
55 
55 
59 
59 
9' 


95 
99 
99 


15 
0 
28 
18 
48 


99 
59 
99 
55 
95 
95 


Blood  examined.  Trypanosomes  absent.  Malaria  present. 
November  20,  1903.  'Fed  20  flies. 

21,  „        „  0 

22,  „        „  30 


9» 


99 
95 
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November  23,  1903.    Fed    0  flies. 

24,    „        „    20  „ 
j>        25,     ,,        „  14 
M         26^  ,,    30  „ 

Blood  examined.    Tiypanosomes  present.    Malaria  present. 
June  18,  1904.    Animal  has  been  distinctly  out  of  condition, 
and  lately  has  been  crouched  up.    Lumbar  puncture  at  12. lo 
p.m.;  2  c.c.  cerebro-spinal  fluid  obtained ;  this  was  centrifuged 
and  active  trypanosomes  obtained. 

The  temperature  froin  December,  1903,  till  March,  1904, 
showed  a  slight  evening  rise.  From  April,  1904,  the  tem- 
perature fell  below  normal,  the  morning  temperature  going  as 
low  as  96°. 

The  following  table  shows  the  presence  or  absence  of  trypa- 
nosomes in  the  blood  : — 


Date. 


1903. 


Nov. 

26 

Dec. 

3 

)) 

7 

)) 

10 

j> 

17 

H 

24 

1904. 

Jan. 

1 

)) 

7 

)> 

14 

» 

21 

29 

Feb. 

4 

10 

J) 

18 

)» 

25 

March 

5 

)> 

11 

)> 

18 

)» 

24 

April 

7 

)) 

14 

» 

22 

29 

May 

6 

» 

12 

20 

27 

June 

3 

9 

51 

16 

Parasites  in  the  blood. 


Filaria. 


Malaria. 


+ 
+ 
+ 
+ 
+ 
+ 


+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 


Trypanosoma. 


+ 

+ 
+ 
+ 


+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 


June  19.  Animal  has  been  lying  on  the  ground  to-day  in  a 
monbund  condition.    Killed  by  chloroform. 
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Tho  body  is  markedly  emaciated.  Skin  is  rough  and  coat 
is  staring.  No  sores.  The  superficial  lymphatic  glands  in  both 
femoral  regions  and  axillos  are  enlarged.  The  pupils  are  equal 
and  normal.  There  is  no  increase  of  fluid  in  the  pericardial, 
pleural  or  peritoneal  cavities. 

Heart. — Nothing  notev/orthy.  The  blood  of  this  organ 
contains  no  active  trypanosomes.  Stained  specimens  show  the 
presence  of  trypanosomes. 

Lungs. — Both  healthy. 

Liver. — Rather  mottled  appearance. 

Spleen. — Enlarged  and  congested. 

Kidneys. — Both  rather  pale,  otherwise  healthy. 

Brain  and  Spinal  Cord. — Show  no  noteworthy  naked  eye 
change.    Both  preserved  for  minute  investigation. 

Glands. — Abdominal,  are  slightly  enlarged. 

Remarks. — This  experimentillustrates  the  course  of  the  disease 
produced  by  the  trypanosomes  carried  by  the  tsetse  flies  ( Glossina 
palpalis)  freshly  caught  in  the  vicinity  of  Entebbe.  It  closely 
resembles  the  experiments  in  which  Trypanosoma  gambiense 
was  injected  into  the  monkey.  In  both  the  course  of  the  disease 
was  a  prolonged  one  ;  the  animal  in  this  experiment  also  showed 
definite  signs  for  some  time  before  death.  At  times  it  presented 
the  same  characteristic  features  met  with  in  the  sleeping  sickness 
monkeys.  The  temperature  curve  Avas  also  very  similar.  This 
experiment  supports  the  view  that  the  trypanosoma  carried  by 
the  freshly  caught  tsetse  flies  in  Uganda  is  identical  Avith  the 
Trypanosoma  gambiense. 


Experiment  301.   Monkey  (Cercojnthecus  sp.). 

Feeding  freshly  caught  tsetse  flies  on  a  healthy  monkey. 

Blood  examination.   Trypanosomes  absent.   Malaria  absent. 
June  10,  1904.    Fed  30  flies. 
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20 
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Blood  examination.   Trypanosomes  absent.   Malaria  absent. 
June  25,  1904.    Fed  12  flies. 

27,  „        „  12 

28,  „        „  20 

29,  „       „  16 

30,  „        „  13 


if 
fi 


)) 
fi 
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July 

Blood  examination. 

July 

)» 
5i 
JJ 
»5 
!J 


1, 1904.    Fed  14  flies. 

^5       „  5)      22  „ 

Trypauosomes  absent. 
4,  1904.    Fed  23  flies. 


Blood  examination 
July 

5' 
») 
)! 
)5 

Blood  examination 
July 

55 
55 
55 
55 


5, 

7, 
8, 
9, 
11, 
12, 
13, 
14, 
15, 
16, 


55 
5' 
55 
55 
55 
55 
55 
55 
5} 
55 


55 
55 
55 
55 
55 
55 
>5 
55 
55 
55 
55 


26 
19 
24 
21 
25 
21 
23 
20 
26 
27 
12 


55 
55 
55 
55 
55 
55 
55 
55 
)5 
55 
55 


.  Trypauosomes  absent. 

18,  1904.    Fed  32  flies. 

19,  „        „  24 

20,  ,.        „  40 

21,  ,,  ,,  37 
22^    „        „  34 

Trypanosonies  absent. 
24,  1904.    Fed  20  flies. 


55 
55 
55 
55 


Blood  examination 


25, 
26, 
27, 
28, 
29, 
30, 


55 
55 
55 
55 
55 
55 


55 
55 
55 
55 
55 
55 


28 
14 
18 
36 
41 
30 


55 
55 
55 
55 
55 
55 


August 


T7 

Blood  examination 
August 


55 
55 
55 


57 

Blood  examination, 
August 


55 
55 
55 
55 


Blood  examination 
August 


55 
55 
») 


Trypanosonies  absent. 

2,  1904.    Fed  37  flies. 

^5     „        „    30  ,, 

4,    „        „  16 

,5        „    24  ^, 

Trypauosomes  absent. 

8,1904.    Fed  31  flies. 

95  ,5  „  32 
IO5  55  „  15 
11,     „        „  34 

1^5         55  „  12 

Trypauosomes  absent. 
13,1904.    Fed  27  flies. 

20 
14 
18 
22 

irypanosomes  absent. 
20,1904.    Fed  37  flies. 

22,  „        „  27 

23,  „        „  24 

24,  „        „  28 


15, 
16, 

17, 
18, 
19, 


55 
55 
55 
55 
55 


55 
55 
55 
55 

5) 


55 
55 


55 
55 
55 
55 


55 
55 
55 
55 
55 


55 
55 
55 


Malaria  absent. 


Malaria  absent. 


Malaria  absent. 


Malaria  absent. 


Malaria  absent. 


Malmia  absent. 


Malaria  absent. 
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Blood  examinatioij 
Avig'tist 


August  25, 1904.    Fed  26  flies. 
)?     26,    ,,        „    29  „ 

Trypanosoraes  absent.   Malaria  absent. 
27,  1904.    Fed  21  flies. 

30 


28, 
,,  29, 
„  30, 
„  31, 
September  1, 
2 


5' 
>? 
11 
»1 
11 


24 
16 
14 
30 
26 


11 
11 


11 

11 


Blood  examinatioD. 
September 


Trypanosomes  absent.  Malaria  absent. 
8,  1904.    Fed  27  flies. 

..    20  .. 


9, 
10, 

111 
13, 
14, 
15, 


11 

1! 

11 


37 
50 
27 
30 
37 


11 
1? 
>i 


Blood  examination, 
September 


Trypanosomes  absent.  Malaria  absent. 
16,  1904.    Fed  24  flies. 

„  30 


17, 
18, 
20, 
21, 
22, 
23, 


)i 

11 


20 
30 
40 
8 
17 


i> 
11 


Blood  examination.    Trypanosomes  absent. 
September  24,  1904.    Fed  24  flies. 


Malaria  absent. 


25, 
27, 
28, 
29, 
30, 


32 
12 
26 
30 
14 


Blood  examination.    Trypanosomes  absent.   Malaria  absent. 
October   1,  1904.    Fed  12  flies. 
11        2,     „        ,1    17  „ 

Animal  died.  Blood  examination.  Trypanosomes  absent. 
Malaria  absent. 

Rem.arks. — This  experiment  is  of  considerable  interest,  a 
total  of  2,299  flies  fed  on  this  monkey  yet  trypanosomes  did 
not  appear  in  the  blood.  This  indicates  that  the  removal  of 
hut  tax  labourers  from  the  fly-belt  at  Entebbe  has  materially 
reduced  the  number  of  infected  flies.  Last  year  when  a  large 
number  of  hut  tax  labourers  were  in  the  belt,  about  185  flies 
Avere  fed  on  a  monkey  and  produced  trypanosomes  in  the 
blood. 

The  ammal  became  very  anaemic  and  df^bflitated  from  the 
loss  of  blood  occasioned  daily  by  the  bites  and  this  no  doubt 
caused  its  death. 


Ill 

1 2.    Are  other  varieties  of  trypano somes  found  in  Uganda  ? 

In  addition  to  the  Trypanosoma  ganibiense,  trypanosomes 
from  vanous  sources  have  been  studied.    In  the  last  Report  it 
was  shown  that  oxen  in  Entebbe  belonging  to  the  P  w'd 
and  sent  for  examination  by  Mr.  Pordage,  had  trypanosomes'  in 
then-  blood.     In  the  blood  of  government  cattle  at  Jinia 
Usoga,  which  were  dying  at  the  rate  of  five  or  six  a  day  a 
trypanosome  was  constantly  found.    In  the  blood  of  a  dog- 
^^f^^^J^^^-^^        Mr.  R.  J.  Stordy,  P.V.O.  Uganda  and  East 
Alrica  Protectorates,  trypanosomes  were  present.    This  animal 
had    accompanied    the    Abyssinian    Boundary  Commission 
Lastly,  m  the  blood  of  a  mule  of  Col.  Sadler's  at  Entebbe  a 
trypanosome   was  found.     The  trypanosomes  derived  from 
these  four  sources  have  been  studied  side  by  side  here. 

13.    The  History  and  distribution  of  these  trypanosomes  in  Uganda 

and  East  Africa. 

A.  The  oxen  of  Mr.  Pordage,  as  stated  in  the  last  Report, 
?Sm  *%Entebbe  from  British  East  Africa  about  the  end  of 
1900  They  kept  well  until  they  were  sent  to  graze  in  the 
torest  near  the  Lake,  m  which  G/ossi^ia  palpalis  is  found.  Since 
then  they  have  been  sick,  and  Mr.  Pordage  is  of  opinion  that 
tneir  illness  was  contracted  whilst  grazing  there. 

B.  The  cattle  which  became  sick  and  died  at  Jiuja  Uso^a, 
and  m  whose  blood  a  trypanosome  was  found  by  us  i^  August 
1  JO,^,_came  from  the  Bukedi  country  in  May,  1903.  Thev  had 
been  m  Wamia  District  to  the  south-west  of  Moimt  Elgon  The 
route  by  which  they  were  marched  to  Jinia  Usoga  was  vid 
Igagas  Kibuye,  Baleale  and  Kitindis.  Thev  halted^atlach  of 
these  places,  and  at  all  of  them  a  species  of  tsetse  fly  is  found  ^ 
To  determme  whether  a  trypanosoma  occurs  in  the  animals 
stationed  at  any  of  these  places,  the  blood  of  animals  was 
exammed  at  Kibuye.  Mr.  Grant  kindlv  made  shdes  from  a 
number  of  an.mals  iu  December,  1903.'  Of  ten  slides  f^om 
different  domestic  animals,  trypanosomes  were  found  in  two 

Z«"^b,  "  ^  cow    We  wlrJ 

thus  able  to  demonstrate  that  the  necessary  factors  fbi  the 
mfection  of  the  catt  e  were  present  at  the  halthig  places 

C.  A  numbei-  of  animals  which  accompanied  the  Abyssinian 
Boundary  Commission  became  sick  and  died,  and  an  eiar^iia 
prTselr^^^^^  ainmals  showed  that  irypan^Iom" 

aV       ■  •  ■         ammals  affected  were  eleven  Boran 

T>,o  o  •     1       '  .    ?'         ^^^^  Airedale  and  half  bull  terrier 

The  jou.e,  fro^^-B^ ri^^?- Vkir  ^Z^.:^^ 
*  Olo^nnapallidipes,  see  map  by  Mr.  E.  E.  Austen,  Report  No.  13. 
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so  that,  probably,  the  infection  occurred  further  north.  Austen 
in  his  Monograph,  p.  326,  records  that  Glossma  fusca  has  been 
found  on  the  north-east  shores  of  Lake  Rudolph.  Vide  Map  of 
Distribution  of  Tsetse  FHes  in  Africa  (p.  282). 

D.  A  mule  used  by  Colonel  Sadler  was  found  in  September, 
1903,  to  have  trypanosomes  in  his  blood.  This  animal  had 
been  about  five  years  in  Africa,  firstly,  in  the  East  Africa 
Protectorate,  and  for  the  last  eighteen  months  in  Uganda. 


14.  Can  any  difference  he  made  out  microscopically  between  these, 
vaiieties''  of  trypanosomes  occurring  amongst  the  domestic 
animals  in  Uganda  ? 

As  the   same   species    of   trypanosoma  varies  in_  size, 
shape,  etc.,  in  the  blood  of  different  experimental  animals, 
too  much  importance  cannot  be  attached  to  the  morphological 
characters  as  affording  a  means  of  establishing  the  identity  of 
different  trypanosomes.    Speaking  generally,  it  may  be  saiely 
stated  that  the  trypanosomes  found  in  the  blood  and  cerebro- 
spinal fluid  of  cases  of  sleeping  sickness,  and  in  the  blood  ot 
men  showing  no  signs  of  sleeping  sickness,  are  always  smaller 
than  those  of  the  Jinja  cattle,  Abyssinian  or  Entebbe  mule 
disease.     The   variety  met  with  in  the   mule  showed  an 
unusually  large  number  of  short  "tadpole"  forms.    This  was 
especially  well  seen  Avhen  the  blood  containing  this  variety 
w^s  injected  into  a  guinea  pig       p.  154).    The  variety  met 
Avith  in  the  Jinja  cattle  was,  as  a  rule,  larger  than  the  others.  _  it 
is  however,  on  morphological  grounds  only,  impossible  to  arrive 
at  a  final  conclusion  as  to  the  identity  or  otherwise  o  the 
various  "strains"  brought  under  our  notice.    Accordmgly,  m 
addition  to  this  means  of  distinction,  then-  differentiation  was 
approached  by  a  study  of  their  i;eactions  in  a  series  of  amma is 
These  reactions  were  contrasted  and  compared.    iur1.hei,  tlic 
iniection  of  animals  proved  to  be  immune  to  one  species  witli 
the  blood  containing  another  strain  of  trypanosoma  was  used 
as  a  means  of  arriving  at  a  conclusion  on  the  question  of  the 
identity  or  not  of  the  various  species.    In  the  dmwmg  of  the 
8pecim"ens  the  morphological  characters  of  the  trypanosomes 
are  shown. 

15     Are  these  trypanosomes  pathogenic  to  animals,  and  can  any 
'  difference  be  made  out  betiveen  them  by  animal  experiment? 

In  the  case  of  the  trypanosoma  found  in  Mr.  Pordage's  ox 
it  p  -oduced  a  very  chronic  malady  in   the   animals  under 
obsCatL,  the  ai^mals  became  extremely  emaciated  with 
ZormS'^mperature.    They  became  gradually  weaker  and 

^'""^hJ^ijypanosoma  obtained  from  the  Jinja  cattle  produced 
few  symptoms.  There  was  a  general  en  argemcnt  ot  the 
I'mplS  glands.    As  a  rule  the  animals  died  m  fairly  good 


BLOOD  OF  DOG  SUFFERING  FROM 
JIN6A  CATTLE  DISEASE. 


BLOOD  OF  DOG. 
ABYSSINIAN  TRYPANOSOME. 
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condition.  _  On  post-mortem  examination  the  cervical  and 
y-a-claviciiladympliatic  glands  were  enlarged  and  congested. 
Ihe  heart  showed  yellovY  jelly-like  material  at  the  base,  and 
otten  petechias  on  its  external  and  internal  surfaces.  The  spleen 
was  sliglitly  enlarged.  The  native  name  of  the  disease  is 
^loto/co,  and  has  been  considered  an  internal  form  of  Muhbi 
Ihe  tiypanosoma  was  first  found  in  the  herd  of  cattle  in 
August,  1903.  The  cattle  at  the  station  at  Jinja  were  infected 
to  the  extent  of  24  per  cent,  of  their  number.  At  Kitindi's 
S^'?'^  P^^'  infected.     Mr.  A.  G  Boyle' 

bub-Commissioner  of  Usoga,  reports  "  that  since  March,  1904' 
the  cattJe  liave  ceased  to  die  amongst  the  herd."    The  herd 
has   been  kept    at  Kitindi's,  at   which  place  the  Glossina 
imlpahs  IS  foimd.     These  cattle   were  again  examined  in 
September  190i.    The  result  of  the  examination  showed  that 
ov  per  cent,  of  these  cattle  had  the  trypanosoma  in  their  blood, 
iliis  examination  was  made  to  determine  whether  the  cattle 
were  fit  to  sell  or  not.    The  results  show  the  necessity  for  such 
examiuatioijs   before  arriving  at  a  definite  opinion  on  the 
subject.     It   IS    urther   of  interest,  as   showing  that  the 
symptoms  of  the  disease  amongst  these  cattle  had  undergone 
considerable  modification  during  the  year.    In  August,  1903 
the  disease  ran  a  very  acute  course,  the  animals  dying  before 
any  marked  signs  had  developed,  whilst  in  September,  1904, 
although  a  larger  number  of  cattle  were  affected,  yet  none  of 
theni  were  dying.    This  fact  could  be  explained  in  two  ways: 
(1),  that  the  parasite  had  become  attenuated,  or  (2),  the  animals 
bol  fact^s^  '^'S^^  be  a  combination  of 

The  trypanosoma  obtained  from  the  animals  which  became 
aflected  on  the  Abyssinian  boundary  caused  the  death  of  some 
Bullish  ^^'^J^by^f  r^^^  ponies,  as  well  as  camels  and  five 
sufI  n  ,  Thf.fbyssmian  donkeys  and  mules  did  not 
of  the  FTJ.f  \^  (Abyssinian)  dog,  which  was  the  companion 
ot  the  Enghsh  dogs,  and   had   accompanied  them  on  the 

sXentS  T'T\^'^''  '"'^^'^y-  This  animal  was,  howevei- 
susceptible  to  mfection,  as  was  proved  by  iniectini  it  with 

blood  containmg  this  variety  of  tiypanosoma.  ^  ^ 
fn,.  1  T  u""^  Entebbe  in  whose  blood  a  trypanosoma  Avas 
found,  when  brought  to  the  laboratory  in  September  1903  had 
slight  fever  and  swelling  of  the  iyiphatic^  gCds  A  few 
days  later  it  was  brought  in  a  moribund  ^cond  iion  No 
cSrbut'T ''''f  blood  micfo- 

Tes^nce^f  ffp^?'°>°'^^  Proved  the 

piesencc  ot  the  parasites  m  the  blood 

Pvni'i  °f        inoculation  of  the  various 

the^  Za  cattrr''  ^''\t^''  ^^''^  sulTeirf  om 

dLcase"^;\ri  ^b:>^««""^^^^  %  disease,  and  the  mule 

time  these^^^^^^^^^^^  f  ^^1^'  ^«  t^^^  i«  fi^'Bt 

tlie  nature  .>f  th^^^^^       experiments  on  which  conclusions  as  to 
the  natuie  of  the  diseases  are  based  shonld  be  given  in  detail. 

(7390) 
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In  the  case  of  the  trypanosoma  obtained  from  Mr.  Pordage's 
ox,  it  was  found  impossible  to  infect  either  a  monkey  or  a  dog 

with  this  "  strain."  ,         i     r  j 

The  animals  used  for  in.iculation  were  monkeys,  dog-faced 
baboons,  dogs,  guinea-pigs,  rabbits,  donkeys,  oxen,  sheep,  and 
goats. 

A  -Experiments  on  the  effect  on  monkeys  of  the  injection  of  blood 
7Zai,iing  IrypanosoLs  from  animals  suffering  from  the  Jmja 
cattle  disease." 

Experiment  154.   Monkey  {Cercopithecus  sp.). 

To  note  the  effect  of  injection  of  blood  from  ok  suffering 
from  "  the  Jinja  cattle  disease  "  mto  a  monkey. 

August  17,  1903.    Injected  subcutaneously  3  cc.  blood 

^°t3'2?!'~ramination  of  the  blood  trypanosomes 
weit  found  to  be  present  for  the  first  time;  ten  days  after 

"""^  September  2.    Animal  is  much  quieter  than  usual 

The  following  chart  represents  the  course  of  the  disease  .- 


DATE 
1903 
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The  followmg:  table  shows  the  preseiace  or  absence  of 
trypanosomes  in  the  blood  : — 


Sept. 


Oct. 

)) 


Date. 
1903. 


Aug.  17 

20 


27 
4 


12 
18 
22 
25 
28 
2 
8 
12 
22 
25 

Nov.  4 

12 


Parasites  in  the  blood. 


Filaria, 


Malaria. 


+ 
+ 


Trypanosoma. 


+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

November  15.    Animal  died  at  1.30  p.m.  Post-mortem. 
The  body  is  emaciated— no  enlarged  glands  or  opacity  ot 
cornea.    There  is  no  increase  of  fluid  in  pericardial,  plem'al  or 

Dcritoneal  cavities.  .  n    ti        i  j. 

^    Heart— M.eiv-kec\  petechiae  on  surface— jelly-hke  substanco 

round  base,  distinct  petechia   imder   endocardium   ot  both 

ventricles.  „     ,  ■,. 

Lungs.— Both  show  several  small  areas  ot  embohsm. 

iu'er.— Nothing  noteworthy. 

.—Distinctly  enlarged— firm  on  section. 

Xidneys.-Len  shows  several  areas  of  htemorrhage  on 
surface  and  several  infarcts  on  section.  Right  m  similar 
condition.    Glands  not  enlarged. 


Experiment  263.   Monkey  (Cercopithecus  sp.). 

To  note  the  effect  of  subcutaneous  injection  of  blood  from 
an  animal  suffering  from  the  "  Jinja  cattle  disease  mto  a 
monkey. 

December  1,  1903.  Injected  5  c.c.  of  blood  containing 
tryiSnosom^^^^  fi'om  the  heart  of  Monkey  241  obtained  post- 

De'JJ^mber  9.    Trypanosomes  appeared  in  the  blood  to-day, 
davs  after  iuiection. 
The  following  chart  shows  the  course  of  the  disease 
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The  following  table  shows  the  presence  or  absence  of 
tiypanosomes  in  the  blood  : — 


Date. 


Parasites  in  the  blood. 


Filaria. 


Dee. 


1903. 


3 
9 
17 
24 
31 


Jan. 


1904. 


7 
15 
22 
28 
4 
11 
18 
25 
4 
18 
»  24 
April  7 
14 
22 
29 

May  6 


Feb. 


Mar. 


J) 


Trypanosoma. 


+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 


May  7.  Animal  was  found  dead  to-day.  He  had  been 
partially  devoured  by  a  jackal  in  the  night,  and  many  of  the 
organs  were  removed. 

The  superficial  glands  are  generally  enlarged. 

ffeart.—No  jelly-like  substance  round  base 
_  Femarks.~The  long  duration  of  this  experiment  is  of 
interest  and  a  companson  with  Experiment  154  suggests  that 
the  longer  and  more  chronic  course  of  the  disease  in  this 
monkey  was,  probably,  due  to  alteration  of  the  parasite  bv 
passage.  About  a  month  before  its  death  only  amoebic  forms 
ot  the  parasite  were  seen  in  the  blood  and  these  were  verv 
scanty.    Afterwards  the  trypanosomes  increased  very  rapidlv 

tSnnn"!™^"^  death  to  the  extent  of 

dOjUUO  trypanosomes  per  c.mm. 

Experiment  292.   White-nosed  Monkey. 
(JinjL^  ^  ^^°°d  ^'^oni  Monkey  204 

&     *   i'^J^^^ed  ^       blood  from  dog,  Expei-iment  280. 

da/Xlst  iSaw" 

The  following  chart  shows  the  coiu'se  of  the  disease :— 
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The  following  table  shows  the  presence  or  absence  of 
trjpauosomes  in  the  blood : — 


May  10 
27 

June  2 
9 
16 
24 

July  2 
„  15 
„  30 
Aug.  5 
„  12 
„  19 


Date. 


1904. 


Parasites  in  the  blood. 


Fil. 


Mai. 


Tryp. 


+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 


June  19.    Animal  died  at  4  p.m.    Post-mortem  at  once. 

The,  animal  is  not  much  emaciated,  The  coat  is  out  of 
condition.    The  superficial  glands  are  generally  enlarged. 

Heart.— Bhowfi  nothing  noteworthy.  The  blood  from  this 
organ  contams  many  active  trypanosomes  and  a  considerable 
number  of  short  forms. 

Lungs. — Nothing  noteworthy. 

Liver. — Appears  healthy. 

Spleen — Is  enlarged  and  congested— a  smear  from  the  pulp 
shows  a  number  of  trypanosomes  in  various  stages  of 
dismtegration. 
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Kidneys. — Show  nothing  noteworthy. 
Lymphatic  (jlands. — In  abdomen  are  enlarged. 
Remarks. — This  experiment  demonstrates  the  course  of  this 
disease  in  this  variety  of  monkey. 


Experiment  204.   Monkey  {Cercojnthecus  sp.). 

To  observe  the  effect  of  the  infection  produced  by  flies 
which  fed  on  this  animal  after  having  fed  24  hours  previously 
on  an  animal  infected  with  the  trypanosoma  of  "  Jinja  cattle 
disease." 

January  28,  1904.  The  trypanosomes  appeared  in  the 
blood  to-day  for  the  first  time  since  the  feeding  commenced._ 

Mav  11.  Animal  has  become  very  thin  and  out  of  condition. 
The  coat  is  staring. 

The  temperature  showed  a  distinct  rise  in  the  evenmg. 
Shortly  before  death  it  became  irregular,  swinging  between 
106°  and  97°. 

The  following  table  shows  the  presence  or  absence  of 
trypanosomes  in  the  blood  : — 


Parasites  in  the  blood. 


Date. 


Filaria. 


Malaria. 


Trypanosoma. 


1904. 


Feb.  4 

»  11 
„  18 
„  25 
Mar.  4 

11 
„  18 
„  24 
April  7 
14 
„  22 
„  29 
May  6 
„  12 


+ 
+ 

'+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 


+ 
+ 

+ 


+ 
+ 
+ 
+ 

+ 
+ 
+ 


May  13,  1904.    Animal  died.    Post-mortem.  _ 

The  body  is  much  emaciated.  The  lymphatic  glands  m 
groin,  axillae  and  neck  are  enlarged.  Slight  increase  of  fluid 
in  pericardial  cavity— no  increase  of  fluid  in  pleural  or 
peritoneal  cavities. 

fJeart. — Shows  nothing  noteworthy. 

Liungs. —  Both  healthy. 

Liver. — Nothing  noteworthy. 

Spleen. — Enlarged — firm  on  section. 
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Kichiei/s. — Both  healthy. 

Intestines. — Large  contains  some  worms,  probably  tricho- 
cephalus. 

Great  omentum. — number  of  bodies  present  which  look 
like  "  maggots,''  they  are  covered  by  a  layer  of  peritoneum  and 
show  contractile  movements.  There  were  also  smaller 
structures  studded  throughout  the  membrane  looking  like 
granulation  tissue,  especially  towards  the  left  side  near  spleen 
and  left  kidneys. 

The  mesentery  was  also  seen  to  contain  similar  bodies. 

The  specimens  were  preserved  for  future  study. 

Reiiiarh. — This  experiment  clearly  showed  that  the  Glossina 
palpalis  is  capable  of  transmitting  the  trypanosoma  of  the 
"  Jiuja  cattle  disease  "  after  24  hours.  The  disease. induced  .'by 
the  bite  of  the  fly  ran  a  course  which  was  somewhat  more 
prolonged  than  in  the  case  of  inoculation  of  blood  from 
diseased  cattle  into  monkeys.  This  suggests  that  by  passage 
through  monkeys  of  this  species  the  virulence  of  this 
trypanosome  has  been  attenuated. 


Experiment  241.   Monkey  ( Cercopithecus  sp.). 

To  note  the  effect  of  subcutaneous  injection  of  blood  from 
an  animal  suffering  from  the  "  Jinja  cattle  disease "  into  a 
monkey. 

November  9, 1903.  Injected  10  c.c.  of  blood  subcutaneously 
from  Dog  234. 

November  12.  Trypanosomes  are  present  in  the  blood 
to-day,  8  days  after  injection.  A  filaria  was  also  seen  in  the 
blood.  It  had  no  sheath;  the  tail  was  pointed.  Its  length 
was  about  equal  to  the  Filaria  perstans. 

The  following  chart  shows  the  course  of  the  disease  :— 


DATE 
I90J 


109 
108 
107 
106 
105 
104- 
103 
102 
101 
100 
99 
98 
97 


NOVEMBER.  '  

5  6  7  8  9  10  II  12  13  14  15  16  17  18  19  20  21  22  2324Z526  272829J0  I 


Is 


2 


"  that  the  mJas^fp/  '  ^^^^^''^^ish  Museum,  on  8th  August,  1904,  writes 
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The  following  table  shows  the  presence  or  absence  of  filaria 
and  trypanosomes  in  the  blood  : — 


Date. 
1903. 

Parasites  in  the  blood. 

Filaria. 

Malaria. 

Trypanosoma. 

Nov.  5 

+ 

„  12 

+ 

+ 

+ 

.,  14 

+ 

+ 

„  19 

+ 

„  26 

+ 

„  30 

■  •  • 

•  •  • 

+ 

December  1,  1903.    Animal  died.  Post-mortem. 
No  noteworthy  external  appearance.    'No  increase  of  fluid 
in  the  pericardial,  pleural  or  peritoneal  cavities. 
Heart. — Shows  nothing  noteworthy. 

Lungs. — Both   were   distinctly   oedematous  and  showed 
patchy  areas  of  congestion. 
Liver. — Was  distinctly  fatty. 

Spleen. — Was  somewhat  enlarged  and  showed  small  areas 
like  sago  grains. 

Kidneys. — Nothing  noteworthy. 

The  connective  tissue  of  peritoneum  was  carefully  examined 
but  no  trace  of  a  parent  filaria  could  be  found  there  or  in  the 
pelvis.  Other  situations  were  also  examined  with  negative 
results. 

Brain. — Showed  nothing  noteworthy. 

Remarks. — The  course  of  the  trypanosoma  infection  was 
probably  shortened  by  the  morbid  condition  found  in  the  lungs 
and  liver.  The  finding  of  a  filaria  in  this  monkey  was  of 
considerable  interest.  It  is  the  first  time  a  filaria  has  been 
found  in  any  of  the  monkeys  here.  It  does  not  seem  to  belong 
to  any  of  the  known  varieties. 

Experiment  315.   Monkey  (Cercopithecus  sp.). 

To  note  effect  of  subcutaneous  injection  of  blood  from  an 
animal  suifering  from  the  "Jinja  cattle  disease  "  into  a  monkey. 

August  19,  1904.  Injected  2  c.c.  of  blood  containing  many 
trypanosomes  from  Monkey  292. 

October  2.  General  condition  shows  no  noteworthy 
change. 

The  following  chart  shows  the  course  of  the  disease : — 
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B.  Experiments  on  the  effect  on  monkei/s  of  the  injection  of  blood 
containing^  trypanosomes  from  animals  suffering  from  the 
"  Abyssinian  fly  disease." 

Experiment  134.    Monkey,  White-nosed  (spJ). 

To  note  the  effect  of  blood  containing  tiypanoeomes  from 
an  animal  sent  from  Abyssinia  with  a  monkey. 

August  28,  1903.  3  c.c.  of  blood  from  dog,  Experiment 
160,  subcutaneously. 

September  2.  The  blood  was  examined  and  trypanosomes 
were  found  to  be  present  five  days  after  inoculation. 

November  7.  The  animal  is  getting  thin  and  shows  a 
tendency  to  lie  about.    The  breathing  is  rapid. 

November  25,    This  is  now  Yery  sick  and  unable  to  rise. 

The  followhig  chart  represents  the  temperature  curve  : — 
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DATE 
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The  following  table  shows  the  presence  or  absence  of 
trypunosomes  in  the  blood  : — 


Aug.  21 
„  28 
Sept.  2 
„  3 
„  4 
»  5 
„  12 
»  18 
„  22 
,,  25 
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Date. 
1903. 


Parasites  in  the  blood. 


Filaria. 


Malaria. 


Trypanosoma. 


+ 
+ 


+ 

+ 
+ 


+ 
+ 
+ 

+ 


+ 
+ 

+ 

+ 

+ 
+ 
+ 

+ 
+ 
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November  27.    Animal  died.  Post-mortem. 

rhe  animal  is  markedly  emaciated;  no  opacity  of  cornea, 
glands  not  enlarged. 

On  opening  the  body  there  is  no  increase  of  fluid  in  the 
pericardial,  pleural  or  peritoneal  cavities. 
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Heart. — A  few  petechiae  under  epicardium  of  left  ventricle 
Fat  at  base  is  absorbed,  otherwise  normal. 

Lungs. — Both  show  areas  of  minute  ecchymosis. 
Liver. — Nothing  noteworthy. 

Kidneys. — Left  shows  2  areas  of  infarction  quite  colourless. 
Spleen. — Not  enlarged. 

G^/«ncZs.— Glands  in  the  mesentery  enlarged  and  oongested. 

Brain  and  Spinal  Cord. — The  dura  mater  was  markedly 
adherent  to  the  calvarium.  No  increase  of  subarachnoid  fluid. 
The  convolutions  were  slightly  congested.  The  brain  and 
spinal  cord  preserved  for  minute  examination. 

Bemarks. — This  experiment  represents  the  coiirse  of  the 
disease  in  a  monkey. 

Experiment  224,   Monkey  {Cercopithecm  sp.). 

To  note  the  effect  of  subcutaneous  injection  of  blood  from 
an  animal  suffering  from  the  "  Abyssinian  fly  disease  "  into  a 
monkey. 

October  10,  1903.  Injected  5  c.c.  blood  from  Dog  177 
taken  post-mortem  containing  active  trypanosomes. 

November  16,  Ee-injected  with  a  few  drops  of  blood  from 
Dog  243  containing  active  trypauosomes. 

January  24,  1904.  Animal  is  very  sick.  The  face  is 
distinctly  swollen. 

The  following  chart  shows  the  course  of  the  disease  : — 
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The  following  table  shows  the  presence  or  absence  of 
trypanosomes  in  the  blood  : — 


Parasites  in  tlie  blucid. 
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Malaria.  Trypanosoma. 
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Parasites  iii  the  blood. 

Filaria. 

Malaiia. 

Trypanosoma. 
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January  25.    Animal  died  in  the  night.  Post-mortem. 

An  oedematous  swelHng  on  right  side  of  muzzle.  The 
pupils  are  equal  and  normal.  The  superficial  glands  are 
slightly  enlarged.    No  emaciation. 

Some  increase  of  flnid  in  pericardial  cavity,  no  increase  of 
fluid  in  pleural  or  peritoneal  cavities. 

/fgf^.^. —Appears  healthy.  Trypanosomes  present  m  the 
blood  of  this  organ. 

Lungs. — Both  healthy. 

Brain  and  Spinal  Cord— No  naked  eye  change.  Preserved 
for  minute  investigation. 

6^faHcZs.— Abdominal  shghtly  enlarged. 

Remarks.  —This  animal  died  in  comparatively  good  condition. 
The  experiment  illustrates  the  course  of  the  disease  produced 
by  this  variety  of  trypanosomes  in  a  monkey. 

Experiment  252.   Monkey  {Cercopithecus  sp.). 

To  observe  the  effects  of  the  infection  produced  by  tsetse 
flies  {Glossina  palpalis)  which  fed  on  this  animal  after  having 
fed  24  hours  previously  on  an  animal  infected  with  the 
trypanosoma  of  the  "  Abyssinian  fly  disease." 

February  4,  1904.    The  trypanosomes  appeared  in  the 
blood  to-day  for  the  first  time  since  the  feeding  commenced. 
The  following  chart  shows  the  course  of  the  disease  : — 
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The  following  table  shows-  the  presence  or  absence  of 
trypanosomes  m  the  blood :  


Feb.  11 
18 

„  25 
Mch,  4 

11 

18 

„  24 
April  7 


Date. 


Parasites  in  the  blood. 


Filaria. 


1904. 


Malaria. 


Trypanosoma. 
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+ 

+ 

+ 

+ 

+ 
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April  9     Animal  dying.    Killed  by  chloroform. 

^land^     Tl!  ^^^^^gement   of  superficial  lymphatic 

glands.    1  here  is  no  increase  of  pericardial  or  pleural  fluid. 

K  2 
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Brain  and  Spinal  CorcL—^o  noteAVortby  change  naked  eye. 
Preserved  entire  for  minute  investigation. 
Heart. — Shows  no  notewortliy  change. 
Lungs. — Both  healthy. 
Liver. — Healthy. 

Spleen. — Enlarged  and  congested. 
Kidnei/s. — Both  healthy. 

Intesline.—An  exudation  of  thick  lymph  is  seen  surroiindmg 
the  rectum,  which  is  adherent  to  the  vagina.  The  rectum 
shows  a  small  perforation  at  its  upper  part. 

Glands. — A  drop  of  juice  examined  micrf)Scopically  shows 
actively  motile  trypanosomes. 

Remarks.— experiment  hud  already  fulfilled  its  primary 
obiect,  viz.,  to  ascertain  whether  Glosdna  palpalis  conveyed  the 
trypanosoma  of  the  "  Abyssinian  Fly  Disease  "  after  an  mterval 
of  24  hours,  and  it  showed  that  it  could  do  so  This  is  ot 
importance  both  from  the  fact  that  this  variety  of  trypanosome 
is  capable  of  transmission  by  the  Glossina  palpalis  and  also  that 
Glossina  palpalis  is  able  to  convey  not  only  the  Tiypanosx^ma 
gambiense,  but  other  varieties  of  trypanosomes.  The  periora- 
tion  of  the  rectum,  which  was  caused  by  the  passage  ot  a 
Thermometer,  undoubtedly  hastened  the  death. 

C.  Experiments  on  the  effect  on  Monkeys  of  the  injection  of  blood 
containing  Trypanosomes  from  animals  suffering  from  the 
"  Mide  Disease." 

Experiment  180.   Monkey  {Cercopiihecus  sp.). 

To  note  tlie  effects  of  subcutaneous  injection  of  blood  from 
an  animal  suffering  from  the  "  Mule  disease  ^'  hito  a  monkey. 

September  13,  1903.  Injected  subcutaneously  20  c.c.  blood 
from  Col.  Saddler's  mule.  No  trypanosomes  could  be  touncl 
even  after  centrifuging  the  blood.  . 

September  20.  Trypanosomes  appeared  m  the  ammai  s 
blood  to-day,  7  days  after  injection. 

September  25.  The  trypanosomes  had  a  peculiar  appear- 
ance, being  crescentic  in  shape,  with  a  broad  thick  body  and 
short  flagellum.    The  protoplasm  is  very  vacuolated. 

September  28.  Some  blood  removed  by  opening  teinoral 
artery  to  inject  other  animals. 

October  20.  The  animal  is  very  sick  to-day  and  is  unable 
to  rise.  The  femoral  artery  was  opened  and  5  c.c.  blood  taken 
to  inject  other  anhnals. 

The  following  chart  represents  the  course  of  the  disease 
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The  following-  table  shows  the  presence  or  absence  of 
trypanosomes  m  the  blood  : — 


Date. 
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(^ctober23.    Animal  died.  Poet-raortem. 
The  body  IS  considerably  emaciated.    No  enlarged  glands. 
No  oedematous  swelhngs.  S'ciiius. 

,  There  is  some  increase  of  fluid  in  the  pericardial  cavity  no 
increase  of  fluid  m  pleural  or  peritoneal. 

Heart. — Nothing  noteworthy. 

Luv fjs. —^hovi-  slight  congestion. 

Liver.—lUfi  mottled  appearance. 

'V/^^;"— Somewhat  enlarged.  Examination 
shows  trypanosomes,  which  are  considerably 
appearance. 

Kidneys.—A^^&Q^r  healthy. 

.BTaw.~\N^H  removed  entire  for  further  investigation 


of  the  pulp 
modified  in 
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Experiment  276,   Monkey  (Cercopithecus  sp.). 

To  note  the  effect  of  subcutaneous  injection  of  blood  from 
an  animal  suffering  from  tlie  "  Miile  disease  "  into  a  monkey. 

January  11 , 1904.  Injected  0-75  c.c.  of  blood  subcutaneously 
from  guinea-pig,  Expeiiment  No.  182. 

May  11.  Animal  has  been  getting  very  thm  and  out 
of  condition. 

The  following  chart  shows  the  course  of  tbe  disease : — 
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The  folio  will  g  table  shows  the  presence  or  absence  of 
trypanosomes  in  the  blood  : — 
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Jan. 


Feb. 


Marcli 


April 


May 


1904. 

15 
20 
28 

4 
18 
25 

4 
11 
18 
24 

7 
14 
22 
29 

6 
12 
20 


Filaria. 

Malaria. 

Trypanosoma. 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

-f 

+ 

+ 

+ 

+ 

•f 

+ 

+ 

+ 

-t- 

+ 

-t- 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

136 


May  20,    Ani\nal  died.  Post-movtem. 

The  body  is  markedly  emaciated.  General  enlargement  of 
superficial  lymphatic  glands.  No  increase  of  fluid  iu  the 
pericardial,  pleural  or  peritoneal  cavities. 

Heart. — Normal. 

Lung^i. — Both  healthy. 

Liver. — Nothing  noteworthy, 

Splem. — Erdarged  and  firm  on  section. 

Kidneys. — Both  healthy. 

Intestines. — Some  recent  lymph  round  tlie  rectum  and 
hepatic  flexure  of  colon. 

Lijmphatio  Glands. — In  omentum  and  along  great  vessels 
are  distinctly  enlarged. 

Brain. — Naked  eye  shows  no  noteworthy  change. 

Remarhs. — This  experiment  shows  the  course  of  this  disease 
in  a  monkey.  Possibly  the  local  peritonitis,  caused  by  damage 
to  rectum  by  thermometer,  helped  the  fatal  issue. 

Experiments  on  the  effect  of  the  injection  of  these  Trypanosomes 
into  Dogs. 

The  native  dog  of  Uganda,  on  account  of  the  frequency 
Avith  Avhich  anchylostomiasis  occurs  amongst  them,  is  not 
suitable  as  an  expei-imental  animal. 

However,  it  was  possible  to  determine  that  the  dog  is 
susceptible  to  all  these  "  strains "  of  ^  trypanosomes.  The 
disease  caused  by  them  in  dogs  is  invariably  fatal.  Amongst 
the  signs  met  with  during  life  are  opacity  of  the  cornea, 
emaciation,  ansemia  and  fever.  Edematous  swelfiugs  were 
not  present.  The  lymphatic  glands  were  occasionally  enlarged, 
but  not  markedly  so. 

Injection  of  blood  containing  Trypanosomes  from  animals  suffering 
from  the  "  Jinja  Cattle  Disease  "  into  Dogs. 

Experiment  1G4.  Dog. 

August  31,  1903.  Injected  0-5  cc.  blood  subcutaneoiisly 
from  Monkey  135,  in  whose  blood  the  trypanosoma  of  the  "  Jinja 
cattle  disease  "  was  present. 

September  13.    The  aninial  is  noticed  to  be  getting  thm. 

October  2.  The  animal  is  now  very  emaciated.  The  blood 
is  pale  and  watery. 

The  following  chart  represents  the  course  of  the  disease  \—> 
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The  following  table  shows  the  presence  or  absence  of  tr jpa- 
nosomes  in  the  blood: — 


October  13.    Animal  died  at  4  p.m.  Post-mortem. 

1  here  IS  marked  emaciation.  A  slight  opacity  of  rijrht 
coniea  No  oedema  present.  No  increase  of  flnid  in  the 
pleural,  pencardial  or  pei-itoneal  cavities. 

//earj.— Many  petechias  and  ecchymoses  on  the  anterior  sur- 
face of  the  nght  ventricle,    None  observed  under  endocardium. 
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J^unqft. — Both  sboAV  numerous  embolic  areas.  The  micro- 
scopic examination  of  these  areas  shows  trypanosomes  variously 
altered  from  the  typical  appearance.  Some  are  circular  with  a 
larger  and  smaller  chromatin  dot. 

Liver. — Has  a  mottled  appearance,  probably  fatty. 

Spleen.— Is  distinctly  enlarged,  measuring  10  in.  x  8  in.  On 
section  it  is  fairly  firm. 

Kidneys. — Both  are  healthy. 

Lymphatic  glands.— A  few  are  enlarged  and  congested  in  the 
posterior  triangle  of  neck,  also  in  the  mesentery :  these  on  section 
are  seen  to  be  hsemorrhagic. 


Experiment  178.  Dog. 

To  note  the  effect  of  subcutaneous  injection  of  blood 
from  an  a.nimal  suffering  from  the  '•  Jinja  cattle  disease  "  into  a 

^^^September  12,  1903.  Injected  subcutaneously  0-5  c.c.  blood 
containing  trypauosomes  from  Experiment  164. 

October  8.  The  animal  has  got  thmner  lately  and  is 
becoming  markedly  anasraic.  , 

The  following  chart  shows  the  course  ot  the  disease  : — 


DATE 
1904 


SEPTEMBER  OCTOBER. 
12  13  14  15  16  17  18 19  2021222324252627282930  1  2  3  4  5  6  7  8  9 


The  following  table  shows  the  percentage  of  hemoglobin 
and  the  presence  or  absence  of  trypauosomes  :— 
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Date. 


Hteuio- 


1903. 

Per  cent. 
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Parasites  in  the  blood. 


Filaria. 


Malaria. 


Tryp. 


+ 
•f 
+ 
+ 
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October  8.  Animal  died  at  12.30  p.m.  Post-mortem  at 
once. 

The  body  is  emaciated.  No  enlarged  superficial  glands  or 
oedema.  No  increase  of  fluid  in  the  pleural,  pericardial  or 
peritoneal  cavities. 

Heart— Muscle  is  pale,  no  petechite.    The  blood  of  this 
organ  contains  active  trypanosomes. 
Lungs. — Nothing  noteworthv. 
Liver. — Apparently  healthy." 
Spleeji. — Is  enlarged  about"  9  inches  x  2  inches. 
Kidneys. — Both  very  pale. 

Stomach.— Shoe's  Spiroptera  sanguinolenta  in  the  wall. 
Intestines. — Contain  ankylostomes  and  tapeworm 
Remarks.— The   fatal  termination  of  this  experiment  was 
undoubtedly  due  to  the  ankylostomiasis. 


Experiment  200.  Dog. 

To  note  the  effect  of  subcutaneous  injection  of  blood  from 
animal  suff"ermg  from  the  "Jinja  cattle  disease"  into  a  dog. 

September  25  1903.  Injected  subcutaneously  4  c.c.  blood 
from  Monkey  135,  containing  active  trypanosomes. 

Ihe  following  chart  shows  the  course  of  the  disease  :— 
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DATE 
1904 


SEPT  OCTOBER 
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22232425 


The  followiug  table  shows  the  presence  or  absence  of  try- 
pan osonies  in  the  blood  : — 


Date. 

Parasites  in  the  blood. 

Filaria. 

Malaria. 

Trypanosoma. 

1903. 

Sept.  26   

29   

Oct.  2   

5   

»  8   

„  12   

„  15   

„  19   

„  24   

i 

... 

+ 
+ 
+ 
+ 
+ 

October  24.    Died.  Post-mortem. 

The  body  is  emaciated.  There  is  no  opacity  of  cornea3. 
Some  increase  of  flnid  in  pericardial  cavity  seen,  no  increase  of 
fluid  in  pleural  or  pentoneal  cavities. 

Heart. — Shows  many  petechiee  under  epicardium  of  tlie  left 
ventricle.  Also  petecliise  under  endocardium  of  each  ventricle. 
The  blood  of  this  organ  contained  active  trypanosomes. 

Jjungs. — Very  congested,  the  right  shoAvs  many  embolic 
areas.  Examined  microscopically  these  areas  arc  seen  to 
contain  some  enlarged  and  vacuolated  trypanosomes,  and  many 
are  unaltered. 

Liver. — Normal. 

Spleen. — Enlarged,  measures  8  inches  x  2  inches.  On  the 
surface  towards  its  posterior  end  are  two  tumours,  about  the  size 
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of  a  bean.  The  iuterior  i'k  distiuctly  congested  and  tliey  are 
apparently  encapsuled.  Films  were  made"  and  showed  trypa- 
nosomes  of  normal  appearance.  On  section  of  spleen  a  similar 
timiour  was  seen  not  protruding-  beyond  the  surface. 

Kidneys. — Pale,  otherwise  nothing  noteworthy. 

Jntestines. — Contain  tape-worms  and  anchylostomes. 

Glands. — Retroperitoneal  are  enlarged. 


Experiment  269.  Dog. 

To  note  the  effect  of  subcutaneous  injection  of  blood  from 
an  animal  suffering  from  the  "  Jinja  cattle  disease  "  into  a  dog. 

December  15,  1903.  Injected  subcutaneously  8  c.c.  of  blood 
from  goat,  Experiment  192. 

February  2,  1904.  Animal  has  now  got  well-  marked  corneal 
opacity  in  both  eyes. 

The  following  chart  shows  the  course  of  the  disease :  
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The  following  table  shows  the  presence  or  absence  of  trypa- 
nosomes  in  the  blood  : — 


Eate. 

Parasites  in  the  blood. 

Filaria. 

Malaria. 

Trypanosoma. 

1903. 

Dec. 

21 

5 

26 

+ 

)) 

29 

+ 

1904. 

Jan. 
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26 

+ 
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+ 

1) 

9 
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February  15.    Animal  died  last  night.  Post-mortem. 

The  body  is  markedly  emaciated  and  both  cornese  are  quite 
opaque.    The  glands  are  not  enlarged. 

No  increase  of  fluid  in  the  pericardial,  pleural  or  peritoneal 
cavities. 

Heart. — No  petechiee,  a  jelly-like  material  round  base. 
The  blood  from  this  organ  shows  a  number  of  altered  trypa- 
nosomes. 

Lungs. — The  right  shows  a  few  areas  of  haemorrhage,  the 
left  shows  nothing  noteworthy. 

Lioer. — No  noteworthy  change. 

Spleen. — Slightly  enlarged  and  soft  on  section. 

Kidneys. — Nothing  noteworthy. 

Intestines. — A  few  anchylostamata  are  present  in  upper  part 
of  small  intestine. 

Lymphatic  glands. — -Not  enlarged. 

Remarks. — The  blood  of  the  goat  with  which  the  aninaal  was 
injected  did  not  show  trypanosomes  in  films  at  the  time  of 
injection,  but  still  proved  capable  of  infecting  the  dog.  The 
general  course  of  the  disease  presented  the  usual  characters  of 
the  disease  as  met  with  in  dogs. 
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B.  Injection   of  blood   containing    Trypanosomes  from  animals 
suffering  from  the  Abyssinian  Fly  Disease  into  Dogs. 

Experiment  160.   Dog,  large. 

To  observe  the  course  of  the  "  Abyssinian  fly  disease  "  in  a 
dog. 

August  26,  1903.  This  dog  was  received  to-day  from  East 
Africa.  It  had  become  sick  whilst  with  the  Boundary  Commis- 
sion on  the  Abyssinian  Frontier. 

August  27.  Blood  examined  shows  many  trypanosomes. 
Animal  is  thin.    Both  the  corneas  are  opaque. 

September  7.  The  animal  is  getting  thinner.  There  is  no 
oedema  of  the  belly  or  sheath. 

The  following  chart  represents  the  temperature  curve :  


DATE 


AUGUST  SEPTEMBER. 
2627g8293a5l  123456789  10  fT  12  13 14 15 16 17 18 1 9  2021 22  23  2425  26 


The  following  table  sl^ows  the  presence  or  absence  of  trypa- 
nosomes m  the  blood : — 


Date. 

Parasites  in  the 

blood. 

Filaria. 

Malaria. 

Trypanosoma. 

Aug.  27 
„  28 
„  30 

Sept.  1 
»  2 

1903. 

+ 
+ 
+ 
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Date. 

Parasites  in  the  blood. 

Filaiia. 

Malaria. 

Tr^'panosoma. 

Sept. 
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September  25,  died.     Posl-mortem  12  hours  after  death. 

The  body  is  much  emaciated.  Both  cornea3  opaque.  No 
enhn-gement  of  superficial  glands.    No  oedema. 

On  opening  the  body  there  is  no  increase  of  fluid  in  pleural, 
pericardial  or  peritoneal  cavities. 

Heart. — Nothing  noteworthy. 

Lungs. — Both  show  small  embolic  areas. 

Spleen. — Markedly  enlarged,  12  inches  by  2^  inches;  on 
section  the  substance  is  soft. 

Nothing  noteworthy. 

Kidneys. — Both  normal. 

67«n(/s.— Mesenteric  and  retroperitoneal  are  enlarged. 


Experiment  177.  Dog. 

To  note  the  effects  of  subcutaneous  injection  of  blood  from 
an  animal  suffering  from  the  "  Abyssinian  fly  disease  "  into  a 
dog. 

September  12,  1903.  Injected  subcutaneously  1  c.c.  blood 
from  Experiment  160,  whose  blood  contained  many  trypano- 
somes. 

October  2.  The  animal  is  getting  thin.  The  eyes  are 
normal.    No  oedematous  swellings. 

The  following  chart  represents  the  course  of  the  disease  : — 
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The  following  shows  the  presence  or  absence  of  trypano- 
sonies  in  the  blood : — 


Date. 


Hb. 

per 
cent. 


Parasites  in  the  blood. 


-Filar. 


Malar. 


Tryp. 


Sept.  12. 
15. 
19. 
21. 
23. 
„  26. 
29. 
Oct.  2., 


1903. 


78 
68 
58 
59 
45 
50 
38 


+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
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Animal  died  at  2  p.m.    Post-mortem  li  hours 


October  10. 
after  death. 

The  body  is  fairly  well  nourished.    There  is  no  oedema. 
Wo_  haziness  of  come*.    No  mcrease  of  fluid  in  the  pleural 
pericardial  or  peritoneal  cavities.  P^^uiai, 

Heart.— Shows  extensive  ecchymosis  over  left  ventricle 
Ihero  are  petechiae  under  endocardium  of  both  ventricles' 

Lungs.~hho^v  many  small  h.^morrhagic  areas.  The  blood 
from  these  areas  examined  under  the  microscope  shows  a 
number  of  i-ound  bodies  about  the  size  of  a  red  corpusde- 

ecTdot  ^1  V  Leishnian's  method  and  contain  oZ  tge 
lea  (lot  and  several  smaller  ones. 

Xn-^n— Appears  healthy. 
(7390) 

L 
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■  Spleen. — Considerably  enlarged,  about  9  inches  by  2  inches. 
On  section  the  pulp  is  soft. 

Kidneys. — Pale,  capsule  is  adherent  in  places. 
Glands. — Are  not  enlarged. 


Experiment  2(50.  Dog. 


To  note  the  effect  of  iujectiou  of  blood  from  an  ox 
suff'ering  from  the  Abyssinian  fly  disease,"  in  whose  blood  the 
trypanosome  was  not  observed  on  microscopic  examination, 
into  a  dog. 

November  27,  1903.  Injected  20  c.c.  of  blood  sub- 
cutaneously  from  Ox  209^  which  had  not  shown  trypanosomes  in 
its  blood. 

December  1.  Blood  was  examined  and  a  filaria,  probably 
F'.  imitis,  was  observed. 

The  following  chart  shows  the  course  of  disease  : — 
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The  following  table  shows  the  presence  or.  absence  of 
filariae  and  trypanosomes  in  the  bk)od  : — 


Date. 

Parasites  iu  the  blood. 

Filar. 

Malar. 

Tryp. 

1903. 

Nov 

30 

Dec. 
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December  24.  Animal  died.  No  post-mortem 
liemarh.— This  experiment  is  of  interest  as  sliowinff  that 
altlaough  the  ox  never  showed  trypanosomes  iu  the  blood  on 
microscopic  examination,  yet  when  the  blood  of  this  animal  was 
injected  mto  a  dog  it  at  once  produced  the  disease,  showing- 
tliat  the  injection  of  the  trypanosomes  into  the  ox  had  actually 
taJien  and  the  animal  was  only  partially  immune. 

C.  Jnjection    of    blood   containing    trypanosomes    from  anifnals 
suj^ermcf  from  the  Mule  disease  into  dogs. 

Experiment  167.  Dog. 

th.'?<  m'?*' n*^^  ^^'^P^^of  ^^bcutaneous  injection  of  blood  from 
tne    Mule  Disease    into  dog. 

September  9  1903.  Injected  18  c.c.  of  blood  from  Colonel 
badler  s  mule  subcutaneously. 

September  17  The  trypanosomes  appeared  in  the  blood 
to-day  for  the  first  time,  8  days  after  inoculation. 

ently?*     '*  ^'  ^^^^^  condition  appar- 

The  following  chart  shows  the  course  of  the  disease:— 

DATE  '   '  —  


SEPTEMBEf?   


The  following  table  shows  the  presence  or  absence  of 
trypanosf)mes  in  the  blood.  aosence  ot 


Date. 

Haemo- 
gJobin 
per 
cent. 

Parasites  in  blood. 

Filar. 

Malar. 

Tryp. 

1903. 

Sept.  1 
»  12 

„  14   

„  17   

„  19   

+ 
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Huemo- 

Parasites  in  blood. 

Date. 

globin 

per 

cent. 

X  liar. 

Malar. 

 - 

i  1  yp. 

1  on*? 

Sept.  21 

95 

4- 

„  23 

65 

„  26 

60 

+ 

29 

60 

+ 

Oct.  2 

59 

+ 

„  5 

+ 

October  2.     Animal  died  at  9  a.m.  Post-mortem. 

The  body  is  well  nomislied.  No  opacity  of  tlie  corner. 
There  is  no  oedema.  The  lymphatic  glands  in  both  axilla3  are 
enlarged. 

There  is  no  increase  of  fluid  in  the  pleural  or  pericardial 
cavities,  some  increase  of  peritoneal  fluid. 

Heart. — No  petechiee  present.  The  muscle  substance  is  pale. 
The  blood  from  this  organ  examined  microscopically  show.s 
active  trypanosomes. 

Lungs. — Both  show  areas  of  embolism. 

Xirer.— Slightly  enlarged  and  appears  fatty. 

Spleen. — Is  enlarged  ;  measures  10^  inches  by  2^  inches.  On 
section  the  substance  is  solt. 

Kidneys. — Are  pale. 

Glands. — No  enlarged  in  abdomen. 

Remao^ks. — This  experiment  illustrates  the  course  which  tlie 
disease  takes  in  a  dog.  The  animal  did  not  show  any  eye 
changes,  oedema,  or  marked  emaciation. 

Experiment  240.  Jackal. 
To  observe  the  course  of  the  "  mule  disease  "  in  a  jackal. 

November  3,  1903.  During  the  night  of  November  I 
this  animal  completely  devoured  a  monkey,  232,  suffering  from 
the  mule  disease. 

November  5.  Animal  is  seedy  to-day ;  copious  semipuru- 
lent  discharge  from  eyes. 

The  following  chart  shows  the  course  of  the  disease  : — ■ 
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The  following  table  shows  the  presence  or  absence  of 
trypauosomes  in  the  blood  : — 


Date. 

Parasites  in  the  blood. 

Filaria. 

Malaria. 

Trypanosoma. 

Nov.  3 

»  9 
„  17 

1003. 

+ 
+ 
+ 
+ 

November  18.     Died  at  noon.  Post-mortem. 
No  notewortliy  external  appearances. 

No  increase  of  fluid  in  pleural,  pericardial  or  peritoneal 
cavities. 

//ea?-;.— There  is  some  jelly-like  material  at  base.  Some 
petecluse  under  endocardium  of  right  ventricle. 

XwTi^s.— Right  shows  two  areas  of  infarction  in  lower  lobe 
Jiotli  show  small  round  embolic  areas. 

Liver.  — H  eal  th}^ 

^p^eeH.— Considerably  enlarged,  8  inches  by  1\  inches 
Smears  from  the  substance  .show  the  presence  of  'a  few 
tiypanosomes. 

Kidneys. — Both  healthy. 

Intestines.— Qoni^xu  a  considerable  number  of  anchvlo- 
stomata. 

RemarU.—'YVx^  experiment  illustrates  the  course  of  the 
disease  m  a  jackal. 
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0)1    the  effect  of  the  injection  of  these  Trypanosomes  into 
Baboons,  Rablnts,  Guinea  Pigs,  Donkeys  and  Rats. 

Experiment  220a.   Dog-faced  Baboon, 

To  note  the  effect  of  snbcutaneous  injection  of  blood  from 
an  animal  suffering  from  tlie  "  Jinja  cattle  dieease "  into  a 
baboon. 

June  11,  1904.  Experiment  220  having  remained  negative, 
5  c.c.  of  blood  from  Experiment  278,  suffering  from  "  Jinja 
cattle  disease,"  was  injected. 

Trypanosomes  never  appeared  in  the  blood  of  this  animal. 

Remarks. — This  experiment  shows  that  the  baboon  is 
insusceptible  to  this  variety  of  trypanosome  also. 

Experiment  220.   Dog-faced  Baboon. 

To  note  the  effect  of  subcutaneous  injection  of  blood 
containing  trypanosomes  from  an  animal  suffering  from  the 
"Abyssinian  liy  disease"  into  a  baboon. 

October  8,  1903.  Injected  3  c.c.  of  blood  from  Dog  177, 
containing  active  trypanosomes. 

Trypanosomes  never  appeared  in  the  blood  of  this  animal. 

Remarks. — This  experiment  demonstrates  that  the  dog-faced 
baboon  is  insusceptible  to  this  variety  of  trypanosome. 

Experiment  231.   Dog-faced  Baboon. 

To  note  the  effect  of  subcutaneous  injection  of  blood  from 
an  animal  suffering  from  the  "  Mule  disease  "  into  a  baboon. 

October  13,  1903.  Injected  subcutaneously  8  c.c.  of  blood 
from  Dog  107. 

November  8.  Re-injected  subcutaneously  with  7  c.c.  ot 
blood  from  Jackal  240. 

January  19,  1904.  Trypanosomes  not  having  appeared  in 
the  blood  0-5.  c.c.  of  blood  injected  subcutaneously  from  Guinea 
Pig  182,  in  whose  blood  many  trypanosomes  Avere  present. 

Trypanosomes  never  appeared  in  the  blood  of  this  animal; 
the  temperature  remained  normal  tliroughout. 

Remarks. — This  experiment  shows  that  the  baboon  is  not 
susceptible  to  this  variety  of  trypanosome  also.  Tlie  baboon  is 
thus  immune  to  all  the  varieties  experimented  with. 

Experiment  185.    Guinea  Pig. 

To  note  the  effects  of  subcutaneous  injection  of  blood  from 
an  animal  suffering  from  the  "Jinja  cattle  disease"  with  a 
guinea  pig. 


September  Ifi,  1903.  Injected  subcutaneously  1  c.c.  blood 
from  Dog  164,  coutaiuing  trypanosomes. 

October  15.  Trypanosomes  appeared  in  the  blood  to-day 
for  the  first  time,  twenty-nine  days,  after  injection. 

The  following  table  shows  the  presence  or  absence  of 
trypanosomes  in  the  blood  : — 


ites  ill  the  blood. 


Malar,    j  Tr7p. 


- 

1903. 

1- 

Sept. 

16 

H 

18   

)) 

20   

11 

22   

104"  .... 

11 

24   

102-2° 

n 

26   

10.3° 

!) 

28   

Ociober 

1   

)) 

15 

4   

6   

11 

8   

11 

11 

11 

15   

19   

1) 

26   

! 

Nov. 

3   

11 

10   

11 

17   

1 

11 

24   

+ 


i 


Paras 


JJatu. 


Temper- 
ature. 


Filaria. 


November  25.    Animal  died  in  night.  Post-mortem. 

The  body  is  not  markedly  emaciated — a  sore  over  the  right 
hip.  No  oedematous  swelhngs.  The  superficial  glands  are 
enlarged.  No  increase  of  fluid  in  the  pericardial,  pleural  or 
peritoneal  cavities. 

Heart. — Under  the  epicardium  of  right  ventricle  petechise 
are  present. 

Lungs. — Both  normal. 

Liver. — N  othin  g  n  ote worthy . 

«S;)/^g7?.— Markedly  enlarged  and  soft  on  section. 

Kidneys. — Both  are  normal. 
_     7?^n(a7'/;^.— Before  death  the  number  of  trypanosomes  present 
m  the  blood  increased  considerably.    The  disease  ran  a  chronic 
course  in  this  animal. 


Experiment  316.   Guinea  Pig.  ; 

To  note  the  effect  of  subcutaneous  injection  of  blood  from 

an  animal  sufieriug  from  the  Jinja  cattle 'disetise  into  a  guinea 
pig. 
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August  25,  1904.  Injected  subcutaneously  2  c.c.  of  blood 
containing  many  trypanosomes  from  Experiment  289. 

The  following  table  shows  the  presence  or  absence  of 
trypanosomes  in  the  blood : — 


Date. 

Parasites  in  the  blood. 

Filaria. 

Malaria. 

Trypanosoma. 

1904. 
August  25 

30   

Sept.  6   

13   

27   

Oct.  4   

+ 

Experiment  221.    Guinea  Pig. 

To  note  the  eflfect  of  subcntaneons  injection  of  blood  from 
an  animal  suffering  from  the  "  Abyssinian  fly  disease  "  into  a 
guinea  pig. 

October  8,  1903.  Injected  subcutaneously  2  c.c.  blood  from 
Dog  177,  containing  active  trypanosomes. 

December  24, 1903.  The  trypanosomes  not  having  appeared 
in  the  blood,  1  c.c.  of  blood  from  Dog  260  was  injected  sub- 
cutaneously. 

January  26,  1904.  The  trypanosomes  appeared  in  the 
blood  to-day  for  the  first  time,  the  thirty -fourth  day  after  the 
second  injection. 

August  16,  1904.  The  animal  has  an  oedematous  swelling 
of  the  left  ear  and  side  of  face.    It  is  somewhat  emaciated. 

The  following  table  sfiows  the  presence  or  absence  of 
trypanosomes  in  the  blood  : — 


Date. 

Parasites  in  the 
blood. 

Fil. 

Mai. 

Tryp. 

1903. 
Oct.  8 

9  ... 
„       15  ... 
„       20  ... 
„       26  ... 
„  30 
Nov.  3 

Injected  2  c.c.  blood  from  D.  177  ... 

... 
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Date. 


Parasites  in  the 
blood. 


Fil. 


Mai. 


Tryp. 


1903. 

Nov 

.  10 

)i 

17 

)) 

24 

)) 

29 

Dec. 

1 

)) 

8 

)) 

15 

)) 

22 

)> 

24 

>i 

29 

1904. 

Jan. 

6 

u 

12 

!5 

19 

)) 

26 

Feb. 

2 

>) 

9 

)) 

16 

Injected  1  c.c.  blood  from  D.  260. 


+ 
+ 
+ 
+ 


Parasites  in  the  blood. 

Ddte. 

Filaria. 

Malaria. 

Try 

■panosoma. 

1904. 

•  

Feb.  23 

+ 

Mar.  8 

1 

15 

•  ■  •                     •  >  ■ 

1 

+ 

„  22 

„  28 

April  5 

12 

„  19 

„  26 

... 

May  3 

::; 

+ 

„  10 

+ 

„  17 

+ 

„  31 

June  14 

„  21 

„  28 

+ 

July  12 

+ 

»  19 

...! 

+ 

„  26 

"'i 

+ 

Aug.  4 

+ 

»  9 

+ 

16 

'.J 

+ 

„  23 

30 

+ 

Sept.  6 

•"•! 

•  •  • 

+ 

13 

... 

+ 

„  15 

+ 

+ 
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September  15,  1904.    Animal  died.  Post-mortem. 

The  body  is  somewhat  emaciated.  There  is  some 
oedematous  swelling  about  the  face.  No  opacity  of  cornese. 
The  superficial  glands  are  generally  enlarged.  The  coat  is 
not  out  of  condition. 

No  increase  of  fluid  in  the  pericardial,  pleural  or  peritoneal 
cavities. 

Heart. — Shows  nothing  noteworthy.  The  blood  of  this 
organ  does  not  contain  active  trypanosomes,  but  a  few  are  seen 
on  staining. 

Lunqs. — Right  shows  an  area  of  hasmorrhage,  smears  made 
from  this  area  show  altered  trypanosomes ;  left  lung  nothing 
noteworthy. 

Liver. — Somewhat  congested. 

Spleen. — -Somewhat  enlarged  and  rather  soft  on  section. 
Smears  from  the  spleen  show  altered  trypanosomes. 

Kidneys. — Nothing  noteworthy. 

Stomach  and  Intestines. — Healthy. 

Lymphatic  glands. — Show  general  enlai'gement. 

Remarks. — The  course  of  the  disease  in  tliis  animal  was 
remarkably  chronic,  its  duration  being  nearly  a  year.  The 
trypanosomes  were  present  in  the  peripheral  blood  throughout 
with  the  exception  of  occasional  intermissions. 


Experiment  182.   Guinea  Pig. 

To  note  the  effect  of  subcutaneous  injection  of  blood  from 
an  animal  suffering  from  the  "  Mule  disease "  into  a  guinea 

pig- 
September  I'd,  1903.    Injected   10   c.c.  of  blood  subcu- 

taneously  from  Mule  179. 

November  9.    The  trypanosomes  not  having  appeared  in 

the  blood  of  this  animal,  it  was  reinjected  subcutaneously  with 

5  c.c.  of  blood  from  Jackal  240. 

November  10.    There  is  some  induration  at  site  of  inociila  ■ 

tion  ;  opened,  and  necrotic  tissue  removed. 

November   17.    Some   sloughing   of  tissue   over  site  of 

inoculation  has  occurred. 

November  22.    Trypanosomes  appeared  in  the  blood  to-day 

for  the  fii'st  time,  one  hundred  and  ten  days  after  first  iuocula^ 

tion,  and  forty-three  days  after  second. 

February  2,  1904.    Since  their  appearance  in  the  blood  the 

trypanosomes  have  become  very  numerous  and  have  shown 

peculiar  forms  ;  several  of  these  are  represented  in  the  coloured 

plate. 

The  temperature  remained  normal  throughout. 
The  following  table  shows  the  presence  or  absence  of 
trypanosomes  in  the  blood: — 


BLOOD  OF  GUINEA  PIG. 
MULE  VARIETY  OF  TRYPANOSOME. 
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Oct. 


Sept.  15 
„  18 
»  20 
22 

„  24 
„  26 
28 
1 
4 
6 
8 
10 
15 
19 
26 
30 
3 
9 
10 
17 
24 
1 
8 
15 
22 
29 


Nov. 


Dec. 


Jan. 


Feb. 


6 
11 
12 
19 

26 
2 
9 

14 


Date. 


ParaFsites  in  the  blood. 


FiJaria. 


Malaria.  Trypanosoma. 


1903. 


1904. 


+ 
+ 


+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 


1904.    Animal   died  in  the  night.  Post- 


February  14, 
moi-tem. 

The  body  is  not  emaciated. 

There  is  no  increase  of  fluid  in  the  plemal,  pericardial  or 
pentoneal  cavities.  c  ■> 

fJmrf.—ShoM-B  an  extensive  area  of  ha^.non-haive  over  left 
ventnc  e-small  point  of  haemorrhage  under  endocai-dium  of  left 
lomes  °^  "^""''^  trypano- 

X^m^f.^— Left  shows  an  extensive  area  of  ha3morrhage  under 
pleura  over  lower  lobe..  Right  shows  a  number  of  minute 
embolic  areas  scattered  through  it. 

Xu'er.— Nothing  noteworthy. 

5;)/^^n.-Distinctly   enlarged,  and   on   section   showed  a 
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number  of  greyish  sago  grain-like  points.  Examination  of  the 
pulp  showed  trypanosomes,  but  most  of  them  were  considerably 
modified  from  the  normal  appearance. 

Kidneys. — Right  showed  small  area  of  infarction ;  left 
nothing  noteworthy. 

Glands. — A  few  retroperitoneal  were  enlarged. 

Remarks. — This  experiment  illustrates  the  course  of  this 
disease  in  the  guinea  pig.  The  most  noteworthy  points  were 
the  long  duration  of  the  disease,  the  very  slight  manifestations 
clinically,  the  late  appearance  of  the  trypanosomes  in  the 
peripheral  blood,  the  large  niimber  of  parasites  present  and 
their  peculiar  forms. 

Experiment  28y.   Rabbit,  Young. 

To  note  the  effect  of  subcutaneous  injection  of  blood  from 
an  animal  suffering  from  the  Jinja  cattle  disease  into  a  rabbit. 

May  6,  1904.  Injected  subcutaneously  1  c.c.  of  blood 
containing  many  trypanosomes  from  monkey,  Experiment  263. 

May  17.  Trypanosomes  are  present  in  the  blood  eleven 
days  after  inoculation. 

August  23.    Animal  has  got  opacity  of  both  corneEe. 

The  fur  is  shed  in  places  and  the  coat  is  much  out  of 
condition.    The  animal  is  considerably  emaciated. 

The  temperature  remained  about  normal  until  August  25, 
1904  (the  day  of  its  death)  when  it  fell  93-5° 

The  following  table  shoAvs  the  presence  or  absence  of 
trypanosomes  in  the  blood  : — 


Parasites  in  the  blood. 

Date. 

Filaria. 

Malaria. 

Trypanosoma. 

1904. 

May  10 
„  17 

_ 

+ 

„  31 

+ 

June  14 

+ 

„  22 

••• 

„  28 

+ 

July  12 
„  19 

... 

+ 
+ 

„  26 

... 

+ 

Aug.  2 
„  9 
„  IG 

+ 
+ 

+ 

„  23 
„  25 

+ 

August  25,  1904.  Animal  djed  to-day.  Post-mortem  at 
ODoe, 
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The  body  is  emaciated.  Both  corueaj  are  opaque.  The 
coat  is  much  out  of  condition.  The  lymphatic  glands  are  not 
enlarged. 

There  is  no  increase  of  fluid  in  the  pericardial,  pleural  or 
peritoneal  cavities. 

Heart. — Nothing  noteworthy.  The  blood  of  this  organ 
contains  many  active  trypanosomes. 

Lungs. — Both  healthy. 

Liver. — ^Nothing  noteworthy. 

Spleen.  — '^ot  enlarged. 

L^ymphatic  glands. — Not  enlarged. 

Remarks. — This  experiment  demonstrates  the  course  of  this 
disease  in  a  rabbit.  It.  runs  a  somewhat  chronic  course.  The 
animal,  however,  shows  very  marked  signs  of  deterioration  of 
health. 

Experiment  295.  Rabbit. 

To  note  the  effect  of  subcutaneous  injection  of  blood  from 
an  animal  suffering  from  the  "  Mule  disease  "  into  a  rabbit. 

May  20,  1904.  Injected  subcutaneously  5  c.c.  of  blood  from 
Monkey  27()  into  this  rabbit. 

August  16.  Trypanosomes  are  present  in  the  blood  of  this 
animal  to-day,  fifty-seventh  day  after  injection. 

The  following  table  shows  the  presence  or  absence  of 
trypanosomes  in  the  blood  : — 


Parasites  in  tlie  blood. 

Date. 

Filaiia. 

i  Malaria. 

1 

Tin 

■panosonia. 

]  904. 

May 

31 

June 

14 

)) 

21 

28 

July 

12 

)) 

19 

)j 

26 

Aug. 

2 

... 

)) 

9 

)) 

16 

-1- 

)j 

23 
30 

+ 

Sept. 

G 

)) 

13 

Experiment  179.   Colonel  Sadler's  Mule. 

1  ,wv?^1'*t!",'^"',     ^  ^^''^  1^'een  sick  since  .Inly  3. 

JOd.  It  has  been  ni  Africa  about  five  years;  at  first  it  was  in 
East  Alrica,  and  lor  the  last  eighteen  months  hos  been  in 


158 


Ugfinda.  It  remained  well  xiiitil  recently,  when  it  commenced 
to  have  swelling;  of  the  glands  and  fever.  It  eats  well.  It  is 
getting  thin.  There  is  no  swelling  of  the  sheath.  The  blood 
was  examined  and  trypanosomes  were  found  to  be  present. 

September  13.  Animal  was  brought  up  to  the  laboratory 
this  moruiiig  It  was  very  weak  and  fell  down ;  it  never  rose 
again. 

The  temperature  oscillated  between  105°  and  107". 
The  following  table  shows  the  presence  or  absence  of 
trypanosomes  in  the  blood  : — 


1 

Date. 

Parasites  in  the  blood. 

-    ■  ■■■•■1 
Filar.  1 

!' 

1  Malar. 

i 

Tryp. 

1903. 

■ 

1 

Sept 

9 

+ 

1) 

12 

11 

13 

September  13.    Animal  died.    Post-mortem  at  once. 

The  animal  is  emaciated,  no  opacity  of  corneae — no  swelling 
of  sheath,  no  enlarged  superficial  glands.  There  is  no  increase 
of  fluid  in  the  pericardial,  pleural  or  peritoneal  cavities. 

Heart. — No  jelly-like  material  round  the  base.  A  few 
petechise  mrder  epicardium,  also  under  the  endocardium  of 
right  ventricle.  The  heart  muscle  is  pale.  The  blood  is  very 
watery;  inoculated  into  two  monkeys,  rat  and  guinea  pig; 
10  c.c.  blood  was  centrifuged,  but  no  trypanosomes  were  seen. 

Lungs. — Both,  normal. 

5p/eett.— Enlarged,  weighs  about  14  lbs. ;  somewhat 
congested. 

Kidney>t. — Both  normal. 

Glands. — Not  enlarged  in  mesentery  or  retroperitoneally. 

Remarks. — The  above  case  is  of  interest  as  it  brought  under 
observation  a  disease  in  mules  caused  by  a  trypanosoma. 
The  trypanosoma  met  with  in  this  disease  has  been  fully 
investigated. 

Although  no  trypanosomes  could  be  seen  microscopically  on 
two  occasions  in  the  blood  of  this  animal,  yet  when  injected  into 
other  animals  the  trypanosomes  appeared  in  due  course. 

Experiment  278.    Donkey  {Masai). 

To  note  the  effect  of  subcutaneous  ijijection  of  blood  froni 
an  animal  suffering  from  " Jinja  cattle  disease"  into  a  Masai 
donkey. 

March  2.  1904.  Injected  subcutaneously  10.  c.c.  of  blood 
fronj  goat,  Experiment  192. 
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May  (5.  Tvvpanosomes  not  having-  appeared  in  the  blood, 
the  animal  was  reinjected  with  4  c.c.  of  blood  subcutaneously 
frojn  Experiment  263,  in  whose  blood  at  the  time  of  injection 
there  were  38.000  trypanosomes  per  c.mm. 

May  18.  Trypanosomes  appeared  in  the  blood  to-day,  the 
thirteenth  day  after  inoculation. 

June  11.  Animal  is  very  sick  and  unable  to  rise.  Its  coat 
is  rough,  conjuncfivce  very  pale.  Breathing  is  rapid  and 
shallow.    No  oedematous  swellings. 

The  following  chart  shows  the  course  of  the  disease  : — 


DATE 
1904 


MARCH. 
17  18  192021 


APRIL 

22232425262728293031  I  2  3  4  5  6  7  8  9  10  II  12  1314  15  16 
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DATE 
1904 


no 

109 

ro8 

107 

106 
105 
10* 
lOJ 
102 
101 
100 
99 
98 
97 
96 
95 


APRIL    ,y  MAY 

1718  I9202l22232425g627?8g930  I  23456789  10  II  12  13  14  1516  17 


2. 


A- 


7? 


1/ 


DATE 
1904 


MAY.  JUNE. 

18  I9202I2223242526272829303I  I  2  3  4  5  6  7  8  9  10  1 112  13  14 


The  following  table  shows  the  result  of  enumeration  of  the 
blood  corpuscles,  the  percentage  of  ha3moglobin  and  the 
presence  or  absence  of  trypanosomes  in  the  blood  : — 
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June  13.    Animal  died  at  12,30  p.m.    Post-mortem  at  once. 

The  body  is  not  emaciated.  No  oedematotis  swellings.  No 
opacity  of  coriieae.  A  general  enlargement  ot  superficial 
glands  is  present.  No  increase  of  fluid  in  plem-al,  pericardial 
or  peritoneal  cavities. 

Heart. — There  is  some  jelly-like  material  round  base. 
Petechiee  under  epicardium  and  endocardium. 

Lungs. — Both  healthy. 

Liver. — Enlarged  and  congested. 

Spleen. — Somewhat  enlarged  and  congested  ;  smears  from 
this  organ  show  broken-down  trypan osomes. 
Kidneys. — Both  healthy. 
Intestines. — Healthy. 

Glands. — In  retroperitoneal  region  are  enlarged.  Smears 
.from  the  glands  show  the  presence  of  broken-down  trypano- 
somes. 

Remarks. — The  first  injection  from  the  goat  did  not  take  in 
this  animal.  After  the  second  injection,  however,  trypanosomes 
appeared  on  the  13th  day,  and  he  died  on  the  2fith  day.  The 
blood  examination  showed  a  marked  diminution  in  the  number 
of  red  corpuscles  and  haemoglobin.  The  duration  of  the 
disease  after  the  appearance  of  the  trypanosomes  was  much 
shorter  than  in  the  case  of  the  other  varieties  of  animal 
trypanosomes. 

Experiment  222.    Donkey  {Masai). 

To  note  the  effect  of  subcutaneous  injection  of  blood  from 
an  animal  suffering  from  the  "Abyssinian  fly  disease"  into  a 
donkey. 

October  8,  1903.  Injected  5  c.c.  blood  from  dog,  Experi- 
ment 177,  containing  active  trypanosomes. 

November  23.  Trypanosomes  not  having  appeared  in  the 
peripheral  blood,  10  c.c.  of  blood  was  taken  and  injected  into 
dog,  Experiment  256. 

December  1.  Trypanosomes  appeared  to-day  in  the  blood 
of  the  dog,  Experiment  256. 

The  following  chart  shows  the  course  of  the  disease  : — 
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DATE 
1904 


NOVEMBER  nFrrMnc-c  
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DATE 
1905 


FEBRUARY. 

9  lOII  I2I3KI5I6I7  18  1920 


The  following  table  shows  the  presence  or  absence  of 
trypanosonies  m  the  blood  : — 


Date. 


Filar. 


Pai'asites  in  the  blood. 


Malar. 


Tiyp. 


1904. 


Oct.  8 
„  16 
„  21 
„  28 

Nov,  4 

»  11 
„  18 
„  25 
Dec.  2 

„  9 
„  16 
„  23 
„  30 


Jan.  7 

„  13 
„  20 

„  ^1 

Feb.  3 
»  9 
IV 
„  21 


1905. 


+ 


February  21.    Animal  died  last  night.  Post-mortem. 

There  is  no  opacity  of  corneaj.  There  is  slight  general 
enlargement  of  superhcial  lymphatic  glands.  The  coat  is  out 
of  condition,  but  emaciation  is  not  marked.  No  oedematous 
swellings.  No  increase  of  fluid  in  the  pleural,  pericardial  or 
peritoneal  cavities. 

//(>arf, — A  few   small  petecliiee   on  surface,  also  under 
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eudocardinm  of  all  the  cavities  there  are  numerous  petechias 
ihere  is  no  jellj-hke  material  at  base.  Muscle  substance  is 
pale. 

Limgs.— Vessels  are  plugged  with  discoloured  clots. 

Liver. — Nothing  noteworthy. 

Spleen.— ^\igh.i\j  enlarged— firm  on  section. 

Kidnei/s. — Nothing  noteworthy. 

Brain. — No  noteworthy  change,  naked  eye. 

Glands.—^ome  enlargement  of  the  glands  along  the  great 
vessels  of  the  neck.  Smears  made  from  the  glands  on 
staining  show  trypanosomes  apparently  breaking  down. 

Remarks.—This  experiment  is  of  considerable  interest,  as  it 
demonstrates  the  course  of  this  disease  (Abyssinian)  in  a 
donkey.  As  compared  with  the  "mule  disease  "in  the  donkey 
It  runs  a  more  chronic  course ;  the  trypanosomes  were  only 
tound  once  m  the  peripheral  blood,  but  their  presence  was 
demonstrated  by  injection  of  a  susceptible  animal,  Dog  256 


Experiment  229.   Donkey  {Masai). 

To  note  the  effect  of  subcutaneous  injection  of  blood  from 
an  animal  sufieiing  from  the  "mule  disease"  into  a  donkey. 

October  13,  1903.  Injected  10  c.c.  of  blood  from  heart  of 
Uog  197  post-mortem;  no  active  trypanosomes  were  seen. 

November  9.  Injected  5  c.c.  of  blood  from  Jackal  240, 
containing  active  trypanosomes. 

Noveniber  25.  Trypanosomes  appeared  in  the  blood  to-day, 
n  b  d  ays  after  r emj  ection .  ' 

December  26.  Animal  is  distinctly  seedy  to-day.  He  is  not 
taking  bis  food     His  head  is  cbooping  and  coat  is  staring. 

December  27  Now  disinclined  to  move  from  one  place. 
He  1^  not  taking  his  food  and  looks  very  ill.  ^ 

The  following  chart  shows  the  course  of  the  disease  :— 
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The  following  table  shows  the  presence  or  absence  of 
trypanosomes  in  the  blood  : — 


Date. 


1903. 


Parasites  in  the  blood. 


Filaria. 


Malaria. 


Oct. 


» 

Nov. 
» 


Dec. 
» 

5» 


13 
21 
28 
4 
11 
18 
21 
22 
25 
2 
9 
16 
23 
29 


Tryijauosoma. 


+ 
+ 
+ 
+ 
+ 
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t)euember  30.  The  animal  died  at  12  noon  to-dav.  Post- 
mortem. 

The  body  is  not  much  emaciated.  No  oedematous 
swellings.    No  opacity  of  corneas.    Conjunctivae  very  pale. 

No  increase  of  fluid  in  the  pericardial,  pleural  or  peritoneal 
cavities. 

Heart. — On  opening  the  pericardiinn,  a  red  band  was  seen 
stretching  across  the  left  ventricle ;  this  was  composed  of  an 
agglomeratioji  of  minute  petechias.  A  number  of  other 
petechias  were  distributed  over  the  surface  of  the  heart.  The 
endocardium  shows  numerous  petechise.  The  myocardium  is 
pale. 

Lungs.—^how   a   few  hfemorrhages   under    the  pleural 
membrane.    No  infiltration  of  jelly-like  substance. 
Liver. — Nothing  noteworthy. 

Spleen.  —  Slightly   enlarged,    section   congested;  smears 
stamed  show  altered  trypanosomes. 
Kidneys. — Both  very  pale. 

Glands.— ^oi  markedly  enlarged.    Smears  examined  after 
stainmg  show  altered  trypanosomes. 

^j-am.— Preserved  for  minute  investigation;  showed  no 
naked  eye  change. 

Rema^^ks.—Thm  is  a  very  interesting  experiment,  proving  as 
It  does  that  the  donkey,  although  a  Masai  one,  is  not  immune,  at 
least  to  this  variety  of  trypanosome.  The  animal  did  not 
present _  the  normal  features  met  with  in  Nagana,  viz, 
emaciation,  cedematous  swelling  or  opacity  of  corner  This 
animal  was  previously  repeatedly  injected  Avith  blood  from  a 
case  of  "trypanosoma  fever,"  but  it  remained  refractoiy 
ihis  experiment,  therefore,  suggests  that  the  Trypanosoma 
gambiense  diflers  from  this  variety  of  trypanosoma. 

Experiment  175.  Rat. 

To  note  the  effects  of  subcutaneous  injection  of  blood  from 
an  animal  suffering  from  the  "  Jinja  cattle  disease  "  into  a  rat. 

September  7,  1903.  Injected  a  few  drops  of  blood  from 
i^vxperiment  164,  containing  many  trypanosomes. 

September  12.  The  trypanosomes  appeared  in  the  blood 
tor  the  first  time. 

The  folloAving  table  shows  the  presence  or  absence  of 
trypanosomes  m  the  blond  •  


Date. 

Pai'asitea  in  the  blood. 

Filaria. 

Malaria. 

Trypanosoma. 

Sept.  7 


1903. 
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September  14.    Animal  died.  Post-morteiri. 
Oi-gans  showed  nothing  noteworthy.    The  blood  from  the 
heart  contained  active  trypanosomes. 

Experiment  173.  Rat. 

To  note  the  eft'ect  of  subcutaneous  injection  of  blood  from 
an  animal  suffering  from  the  "  Abyssinian  fly  disease  "  into  a 
rat. 

September  7,  1903.  Injected  0-5  c.c.  blood  from  Experi- 
ment 160,  dog,  whose  blood  contained  many  trypanosomes. 

September  10.  The  trypanosomes  appeared  in  the  blood  of 
this  animal  to-day,  the  third  day  after  inoculation. 

The  following  table  shows  the  presence  or  absence  of 
trypanosomes  in  the  blood  : — 


Date. 

Parasites  in  the  blood. 

Filaria. 

Malaria. 

Trypanosoma. 

1903. 

Sept.  7   

„  10   

„  12 

15   

+ 
+ 
+ 

September  17.  Animal  died.  Post-mortem  several  hours 
after  death. 

Heart. — Shows  nothing  noteworthy.  The  blood  from  this 
organ  contained  no  living  trypanosomes. 

Langs. — Left  shows  slight  congestion,    flight  is  healthy. 
Liver. — Nothing  noteworthy. 
Sp  lee 71. — S li ghtly  en lar ged. 
Kidneys. — N  othing  note  worthy. 

Remarks. — The  disease  ran  an  acute  course  in  this  animal, 
dying  ten  days  after  inoculation. 

Experiment  190.  Rat. 

To  note  the  effect  of  subcutaneous  injection  of  blood  from 
an  animal  suffering  from  the  "  Abyssinian  fly  disease  "  into  a 
rat. 

September  19,  1903.  Injected  subcutaneously  2  c.c.  blood 
from  dog.  Experiment  160. 

September  26.  The  blood  was  examined  and  found  to 
contain  trypanosomes  ;  seventh  day  after  inoculation. 

The  following  table  shows  the  presence  or  absence  of 
trypanosomes  in  the  blood : — 
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Date. 

Parasites  iu  the  blood. 

jyialaria. 

T?^i  1  a  111  o 

X 1  ypaiiosonia. 

1903. 

Sept.  ]9 

21 

... 

... 

• 

„  22 

„  23 

»  24 

„  26 

+ 

„  28 

+ 

Oct.  2 

+ 

„  3 

+ 

October  3.    The  animal  died.  Post-mortem. 

There  are  no  oedematous  swelhngs  present.  There  is  no 
increase  of  fluid  in  pericardial,  pleural  or  peritoneal  cavities. 

Heart. — Nothing"  noteworthy.  The  blood  of  this  organ 
contains  a  few  trypanosomes  which  are  somewhat  vacuolated  in 
appearance. 

Lungs. — Both  healthy. 

Spleen. — Is  enlarged  and  congested. 

Experiment  208.  Rat. 

To  note  the  effect  of  subcn  tan  eons  injection  of  blood  from 
an  animal  suffering  from  the  "  mule  disease  "  into  a  rat. 

September  28,  1903.  Injected  1-5  c.c.  blood  from  Monkey 
180  containing  active  trypanosomes. 

The  following  table  shows  the  presence  or  absence  of 
trypanosomes  in  the  blood  : — 


Date. 

Parasites  in  the  blood. 

Malaria. 

Pilaria. 

Trypanosoma. 

1903. 

Sept.  30 

Oct.  1 

+ 

12 

+ 

24 

+ 

Nov.  3 

•  •  * 

+ 

„  10 

+ 

„  17 

+ 

„  24 

+ 

Dec.  1 

+ 

8 

+ 

„  15 

•  ■  • 

+ 
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December  15,  1903.    Animal  clicJ.  Post-mortem. 
iNo  marked  emuuiatiou.    The  BuperHcial   e-iaiids  are  not 
enlarged. 

^mr^.— Shows  haemorrhages  into  muscular  wall  of  left 
ventricle,  otherwise  healthy.  The  blood  of  this  organ  did  not 
contain  active  tiypanosomes. 

Lungs. — Both  healthy. 

Zu'ej-.— Shghtly  enlarged  and  very  pale. 

Distinctly  enlarged,  pale,  soft  on  section. 

Remarks.—'Vhis  experiment  illustrates  the  fact  that  the 
disease  may  run  a  remarkably  chronic  course  in  rats.  The 
tiypanosomes  wei-e  present  in  the  peripheral  blood  throughout 
the  disease. 

Experiment  187.  Rat. 

To  note  the  effects  of  injection  of  blood  from  an  animal 
suffering  from  the  "  mule  disease  "  into  a  rat. 

September  19,  1903.  Injected  subcutaneoiisly  1  c.c.  blood 
from  Dog  167,  containing  active  trypanosomes. 

September  24.  The  blood  of  the  rat  showed  the  presence 
of  trypanosomes  to-day,  five  days  after  injection. 

The  following  table  shows  the  presence  or  absence  ot 
trypanosomes  in  the  blood : — 


Date. 

Parasites  in  the  blood. 

Filaria. 

Malaria. 

Trypanosoma. 

1903. 

Sept.  19   

„  20   

»  21   

»  22   

„  23   

»  24   

Oct.  4   

„  11   

+  +  +  1  1  1  1  1 

October  11.    Animal  died  at  12  noon.  Post-mortem. 

The  body  is  not  emaciated.  No  oedematous  swelHngs.  The 
supei-ficial  glands  are  enlarged.  No  increase  of  fluid  in  peri- 
cardial, pleura  or  peritoneal  cavities. 

Heart. — Petechiae  present  on  surface.  The  blood  from  this 
organ  shows  very  many  active  trypanosomes. 

Lungs. — Both  healtliy. 

Liver. — Nothing  noteworthy. 

Spleen. — Markedly  enlarged.  On  staining  a  film  various 
modifications  in  shape  of  the  trypanosomes  from  the  normal  are 
observed,  some  being  swollen  and  vacuolated,  others  are 
quadrilateral  or  circular;  the  macro  a  ad  micro-nuclei  stain  well. 
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Kidneys. — Notliiiig  note  worthy. 

LifDiphatic,  glands. — The   retroperitoneal   are  considerably 


enlarged. 


On  the  effect  of  the  injection  of  these  Trypanosomes  into  Oxen,  Sheep, 

and  Goats. 

In  addition  to  injection  of  blood  contaiinng  each  "  strain  "  of 
trypanosoiua  into  these  animals,  other  experiments  were  per- 
formed to  determine  whether  any  difierence  could  be  made  out 
between  the  various  "strains"  of  trypanosorna;  advantage 
was  taken  of  the  fact  that  these  animals  (oxen,  goats  and  sheep) 
proved  refractory  to  two  "  strains "  of  trypanosorna  to  subse- 
quently inject  them  with  blood  containing  another  "  strain." 

In  this  way  a  difference  was  established  between  the 
varieties  of  trypanosomes  under  observation. 

The  results  are  as  follows  : — 

ExPEEiMENT  162.    Black  Bullock. 

To  note  the  efiects  of  subcutaneous  injection  of  blood  from 
an  animal  suffering  from  the  "  Jinja  cattle  disease  "  into  an  ox. 

September  9,  1903.  Injected  10  c.c.  blood  subcutaneously 
from  Dog  164  containing  trypanosomes  of  the  "  .Tinja  cattle 
disease." 

September  21.  The  animal  has  been  getting  thinner  lately. 
Trypanosomes  found  in  the  blood  to-day  twelve  days  after 
injection. 

October  8.  The  animal  has  been  noticed  to  be  lying  down 
a  good  deal.  A  slight  haziness  of  the  corneee  of  both  eyes  is 
visible. 

_  November  21.    The  animal  appears  very  sick  to-day,  is 
lying  down  and  cannot  be  got  to  rise.    Pulse  very  weak  and 
rapid.    This  evening  appears  in  moribund  condition. 
The  chart  represents  the  course  of  the  disease  : — 
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The  following  table  shows  the  presence  or  absence  of 
trypanosoma  in  the  blood  : — 


Date. 

Parasites  in  the  blood. 

FiJaria. 

Malaria, 

Ti'ypanosoma. 

1903. 

Sept.  9 

„  12 

„  15 

„  18 

„  21 

+ 

„  23 

+ 

„  26 

+ 

„  28 

+ 
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Parasites  in  the  blood. 

Date. 

Filar  ia. 

Malaria. 

Trypanosoma. 

1903. 

Oct. 

2   

... 

+ 

i> 

6   

... 

+ 

)) 

9   

+ 

)> 

12   

+ 

)) 

15   

+ 

)) 

19   

+ 

)) 

21   

+ 

)) 

28   

+ 

Nov. 

4   

+ 

>> 

11   

+ 

» 

18   

+ 

21   

+ 

November  23.  Animal  died  at  12  p.m.  Post-mortem  at 
once. 

There  was  slight  opacity  of  the  corneEe  of  both  eyes.  The 
supraclavicular  lymphatic  gland  is  enlarged  and  congested,  also 
glands  in  the  neck. 

On  opening  the  body  some  increase  of  fluid  in  pericardial 
cavity  is  noticed,  fluid  in  pleural  and  peritoneal  cavities  not 
increased. 

Heart. — Round  the  base  there  is  well-marked  jelly-like 
substance.  There  are  petechiEe  under  epicardium  of  right 
auricle,  also  under  endocardium  of  left  ventricle  and  right 
auricle.    Heart's  blood  is  watery. 

Lungs. — Show  some  jelly-like  substance  at  the  division  of 
the  main  bronchi. 

Spleen. — Distinctly  enlarged,  on  section  is  congested. 

Liver  and  Kidneys. — Nothing  noteworthy. 

Brain. — Distinct  increase  of  subarachnoid  fluid,  giving  a 
cloudy  appearance  to  the  brain. 

Remarks. — This  is  an  important  experiment,  as  it  exactly 
reproduces  both  chnically  and  pathologically  the  features  of  the 
disease  observed  in  the  cattle  originally  seen  at  Jinja.  The 
diu-ation  is  the  same,  viz.,  three  months.  The  mode  of  death 
was  similar,  the  animal  being  apparently  not  very  seriously  ill, 
no  emaciation  or  alteration  of  coat,  and  only  very  slight  opacity 
of  cornege.  It  lay  dowa  about  two  days  before  its  death  and 
never  rose  again.  It  died  in  fairly  good  condition  as  the  Jinja 
cattle  died.  The  post-mortem  appearances  were  also  similar  to 
those  met  with  in  the  Jinja  cattle.  The  appearance  of  the 
bram  was  curious,  being  not  unhke  that  met  with  in  sleeping 
sickness  cases  ;  portions  were  preserved  for  future  examination. 

Experiment  209.  Ox. 

To  note  the  effect  of  subcutaneous  injection  of  blood  from 
an  animal  suffering  from  the  "Abyssinian  fly  disease  "  into  an  ox. 
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fro„?D°„g  iT^'into^hi/r"'''  5        of  blood 

thfa^"  Dog  260"''°*'''  ™''-''™-"«ly20      o'  blood  from 

Decembei-  2.  Again  injected  subcutaneonsly  15  c.c.  of 
blood  from  Dog  25(5  into  this  ox. 

r>  ■^n^A^^^l'  ^"  'I'lypanosomes  have  appeared  in  the  blood  of 
Dog  260  to-day. 

January  26,  1904.  Again  injected  subcutaneously  20  c.c.  of 
blood  from  this  ox  into  Dog  277. 

February  23.  Trypanosomes  appeared  in  the  blood  ot 
Dog  277. 

September  30.    The  animal  shows  some  slight  emaciation, 
but  no  trypanosomes  have  appeared  in  its  peripheral  blood. 
Injected  20  c.c.  of  blood  subcutaneously  into  Monkey  319. 
The  temperature  oscillated  between"  98°  and  105° 
Trypanosomes  never  appeared  in  the  blood  of  this  animal. 


Experiment  202,  Ox. 

To  note  the  effect  of  subcutaneous  injection  of  blood  from 
an  animal  suffering  from  the  "  mule  disease  "  into  an  ox. 

September  28, 1903.  Injected  subcutaneously  6  c.c.  of  blood 
from  monkey,  Experiment  180. 

October  15.  10  c.c.  blood  were  centrifuged,  no  active 
trypanosomes  were  found. 

_  November  2.  Injected  subcutaneously  20  c.c.  of  blood  from 
this  animal  into  a  dog,  Experiment  2o9. 

iSFovember  9.  Injected  subcutaneously  5  c.c.  blood  from 
jackal,  Experiment  240. 

November  10.  Trypanosomes  appeared  to-day  in  the  blood 
of  Dog  239  which  was  injected  with  blood  from  this  animal. 

The  following  chart  shows  the  course  of  the  disease : — 
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This  animal  was  then  used  for  tho  following  observation :  — 

To  note  the  effect  of  injection  of  blood  from  an  animal 
suffering  from  another  variety  of  trypan  oso  me  disease  (Jinja) 
into  an  animal  previously  inoculated  with  blood  from  animal 
affected  with  the  "mule  disease,"  but  in  whose  blood  the 
pai-asites  had  not  appeared. 

November  21.  Injected  snbcutaneously  25  c.c.  blood  from 
Ox  162,  which  was  dying. 

December  2.  Trypanosomes  appeared  in  the  blood  to-day 
for  the  first  time.  This  is  the  12th  day  after  the  injection  of 
the  blood.  The  interval  corresponds  exactly  to  the  incubation 
period  in  the  "  Jinja  disease  "  ;  compare  Experiment  162. 

December  15.  The  animal  appears  thinner,  the  coat  is  not 
staring. 

January  13,  1904.  The  animal  seems  less  ^dgorous  than 
before,  otherwise  there  is  no  noteworthy  change. 

January  19.  The  animal  is  unable  to  rise  to-day.  The  con- 
junctivae are  very  pale.    There  is  not  much  emaciation. 

The  following  chart  shows  the  course  of  the  disease : — 


DATE 


NOV.  DECEMBER. 
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The  following  table  shows  the  presence  or  absence  of 
trypanosomes  m  the  blood : — 


Date. 

Parasites  in  the  blood. 

n  1 1  nvi  Q 
-L'  llctl  lev. 

T  ry  paiiosom  a. 

1903. 

Sept.  25 

Oct.  2 

„  6 

„  10 

„  13 

„  15 

„  19 

„  21 

„  28 

Nov.  4 

„  11 

„  18 

„  21 

„  25 

Dec.  2 

+ 

„  9 

+ 

„  16 

+ 

„  23 

+ 

„  30 

1904. 

Jan.  6 

+ 

„  13 

+ 

„  19 

+ 

January  20.  The  animal  died  at  12.30  p.m.  Post-mortem 
at  once.  The  body  is  not  emaciated  and  the  coat  is  not  staring. 
The  superficial  glands  are  generally  enlarged.  There  is  sHglit 
opacity  of  both  cornea3.  No  jelly-like  material  seen  in  sub- 
cutaneous tissue.  There  is  no  increase  of  fluid  in  the  pleural, 
pericardial  or  peritoneal  cavities. 

Heart. — There  is  some  jelly-like  material  round  the  base.  A 
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few  petecliia3  on  the  surface  of  the  heart,  also  under  euclocardium 
of  both  ventricles.  The  muscle  substance  is  pale.  The  blood 
from  this  organ  contains  active  trypanosomes. 

Lungs. — In  both  areas  of  infarction  are  seen;  they  are 
wedge-shaped  and  measure  about  one  inch  across. 

Spleen. — Slightly  enlarged  and  congested. 

Kidneys. — Both  apparently  healthy. 

Brain. — Some  injection  of  superficial  vessels,  sub-ai-achnoid 
fluid  increased. 

Glands. — Along  the  line  of  the  aorta  and  iliac  vessels  are 
enlarged  and  on  section  appeared  congested. 

Remarks. — This  experiment  is  an  important  one,  and  forms 
one  of  a  series  designed  to  observe  whether  there  was  any 
difference  in  the  effect  on  cattle  between  the  "  Jinja  "  and  the 
"  mule  "  trypanosomes. 

Tliis  animal  was  originally  inoculated  with  the  "mule" 
variety  of  trypanosome,  and  for  two  months,  although  reinjected, 
never  showed  trypanosomes  in  its  peripheral  blood.  Its  blood 
was,  however,  infectious,  and  when  injected  into  a  dog,  the 
trypanosomes  appeared  after  the  usual  interval  in  its  blood.  In 
order  to  determine  whether  the  Jinja  variety  of  trypanosomes 
would  develop  in  the  blood  of  this  animal,  and  thus  constitute  a 
difference  between  it  and  the  "  mule  "  variety,  it  was  injected 
with  blood  containing  the  Jinja  variety  of  trypanosomes.  After 
the  incubation  period  of  the  latter  disease,  trypanosomes  appeared 
in  the  blood  of  this  animal  and  they  continued  to  be  present 
till  its  death.  The  symptoms  and  duration  of  the  disease  were 
exactly  the  same  as  in  the  Jinja  disease  ;  compare  Experiment 

Experiment  193.  Sheep. 

To  note  the  effect  of  subcutaneous  injection  of  blood  from 
an  animal  suffering  from  the  "  Jinja  cattle  disease  "  into  a  sheep. 

September  25,  1903.  Injected  subcutaneously  15  c.c.  of 
blood  containing  active  trypanosomes  from  Monkey  135. 

October  13.    Many  trypanosomes  were  found  "in  the  blood 
to-day  for  the  first  time,  eighteen  days  after  inoculation. 
^     February  3,  1904.    The  animal  appears  short  of  breath  and 
IS  not  walking  about  much.    The  general  state  of  health  is  fair. 

The  following  chart  shows  the  course  of  the  disease : — 
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The  following  table  shows  the  presence  or  absence  of 
trypanosomes  in  the  blood  : — 


Parasites  in  the  blood. 
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February  10.    Animal  died  about  3  p.m.  Post-mortem. 

ihereisno  marked  emaciation.  Conjunctivae  pale— slight 
haziness  of  cornea3  present.  There  is  some  increase  of  r ericar- 
d,al  fluid,  ^o  m^^^^^^  of  fluid  in  pleural  or  peritoneal  cavities. 

yy^r^.— Well-marked  jelly-like  material  round  base. 

endocardial  petechic^.    The  muscle  is  very  pale.  The 
blood  of  this  organ  contained  active  trypanosomesf 

X?t7?^.s.— Botli  are  healthy. 

Liver. — Nothing  noteworthy. 

Spleen. — Not  enlarged. 

Kidneys. — Both  pale. 

gested!"'^'""^"  ^^"^^       ^''^^'-^^^^  ^^1^^^  con- 

dem^oXtr;?^'"'      ^-^^  "^8-  experiment,  as  it  clearly 

demonstrates  the  course  of  this  disease  in  a  sheep.    The  animal 

Pai^  ''''\~''^\    \'  ^^r'f      -^^^"-^     thelheath  01  Ze 
pait.    It  was  only  shortly  before  its  death  that  tbe  animal 


N  2 


180 

showod  any  abnormal  signs,  and  these  were  mainly  breathless- 
ness  and  a  tendency  to  lie  about. 


Experiment  211.  Sheep. 

To  note  the  effect  of  subcutaneous  injectioa  of  blood  from 
an  animal  suffering  from  the  "Abyssinian  fly  disease"  into  a 
sheep. 

October  8,  1903.  Injected  5  c.c.  of  blood  containing  active 
trypauosomes  from  Dog  177  into  this  sheep. 

December  2.    Again  injected  10  c.c.  of  blood  from  Dog  256. 

January  13,  1904.  This  animal  keeps  in  good  health  and 
trypauosomes  have  not  appeared  in  the  peripheral  blood.  The 
temperature  remained  normal  throughout. 

Trypauosomes  having  failed  to  appear  in  the  blood,  this 
animal  was  used  "to  note  effect  of  subcutaneous  injection  of 
blood  from  an  animal  suffering  from  the  '  Jinja  cattle  disease ' 
into  a  sheep  previously  inoculated  subcutaneously  with  blood 
from  an  animal  suffering  from  '  Abyssinian  fly  disease,'  to  A^hich 
it  proved  refractory." 

August  23,  1904.  Eight  months  after  previous  injection  no 
trypauosomes  having  appeared  in  the  blood,  1'5  c.c.  of  blood 
from  Rabbit  289  was  injected  subcutaneously  into  this  sheep. 

September  28.    Trypauosomes  appeared  in  the  blood  to-day. 

The  following  chart  represents  the  course  of  the  disease : — 
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The  following  table  shows  the  presence  or  absence  of 
trjpanosomes  in  the  blood : — 


Parasites  in  the  blood. 
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Experiment  194.  Seeep. 

To  uote  the  effect  of  subcnttineous  injection  of  blood  from 
an  animal  suff"ering  from  the  "  mule  disease  "  into  a  sheep. 

September  28,  1903.  Injected  3  c.c.  of  blood  from  Monkey 
No.  180,  containing  active  trypanosomes. 

November  8.  The  trypanosomes  not  having  appeared  in 
the  blood  of  this  animal,  it  was  reinjected  with  7  c.c.  of  blood 
from  .Jackal  No.  240,  containing  many  trypanosomes. 

January  6,  1904.  The  animal  is  fat  and  maintains  its  health 
well. 

February  9th.  The  general  condition  of  the  animal  is  good. 
The  temperature  remained  normal  throughout. 

The  blood  was  examined  weekly,  but  trypanosomes  were 
never  found  in  the  peripheral  blood. 

June  18.    Animal  died  at  12.30  p.m.  Post-mortem. 

The  body  is  not  emaciated.  There  are  no  oedematous 
swellings.    No  opacity  of  cornese. 

There  is  some  increase  of  fluid  in  the  pericardial  cavity  ;  no 
increase  of  fluid  in  pleural  or  peritoneal  cavities. 

Heart. — A  considerable  amount  of  jelly-like  material  round 
base.  The  muscle  is  pale,  otherwise  nothing  noteworthy.  No 
active  trypanosomes  in  heart's  blood. 

Lungs. — Nothing  noteworthy. 

Liver. — Is  congested. 

Spleen. — Not  enlarged. 

Glands  in  neck  enlarged  and  congested.  Juice  contains  no 
active  trypanosomes. 

Remarks.— This  experiment  is  of  considerable  interest,  as  it 
shows  the  course  of  this  disease  in  the  sheep.  As  compared 
with  the  Jinja  disease  it  runs  a  very  chronic  course,  and,  like 
the  same  disease  in  the  Goat  194  and  Ox  202,  trypanosomes 
never  appeared  in  the  peripheral  blood,  although  the  blood  of 
the  latter  was  infective  to  dogs.  There  can  be  little  doubt  that 
in  the  sheep  also  the  result  of  injection  of  blood  containing 
this  variety  of  trjpanosome  is  to  produce  a  chronic  4iseas6 
which  ultimately  kills  the  animal. 


Experiment  192.  Goat. 

To  note  the  eff"ect  of  subcutaneous  injection  of  blood  from 
an  ammal  suffering  from  the  "  Jinja  cattle  disease  "  into  a  goat. 

September  25,  1903.  Injected  subcutaneously  15  c.c.  of 
blood  from  Monkey  135,  containing  many  trypanosomes,  into 
this  goat. 

_  October  8,  There  was  some  local  reaction  at  the  site  of 
inoculation,  but  no  abscess  formation. 

^     October  10.    Trypanosomes  appeared  in  the  blood  to-day 
m  considerable  numbers,  the  fifteenth  day  after  inoculation. 
April  27,  1904.    An  enlarged  lymphatic  gland  was  felt  in 
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the  right  supra- clavicular  region.  This  was  punctured ;  the 
juice  showed  many  active  trypanosomes. 

September  27.  The  animal  keeps  in  good  condition.  The 
trypanosomes  remain  present  in  the  blood. 

The  following  chart  shows  the  course  of  the  disease : — 
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Ihe  following  table  shows  the  presence  or  absence  of 
trypanosomes  in  the  blood  : — 


Parasites  in  the  blood. 
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:.Date. 
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Remarks. — This  experiment  illustrates  the  very  chronic 
course  of  this  disease  in  goats.  The  condition  of  the  animal  ia 
good. 
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Experiment  212.  Goat. 

To  note  the  effect  of  subcutaneous  injection  of  blood  from 
an  animal  suffering  from  the  "  Abyssinian  fly  disease "  into  a 
goat. 

October  8,  1903.  Injected  subcutaneously  5  c.c.  of  blood 
containing  active  trypanosomes  from  Dog  177  into  this  goat. 

December  2,    Again  injected  10  c.c.  of  blood  from  Dog  256. 

January  13,  1904.  The  general  condition  of  this  animal  is 
good.    Trypanosomes  have  not  appeared  in  the  blood. 

The  temperature  remained  normal  throughout. 

The  blood  was  examined  v^eeldy,  but  no  trypanosomes  were 
found  in  the  peripheral  circulation  at  any  time. 

_  Trypanosomes  having  failed  to  appear  in  the  blood,  this 
animal  was  used  "  to  note  the  effect  of  subcutaneous  injection 
of  blood  from  an  animal  suffering  from  the  '  Jinja  cattle 
disease'  into  a  sheep  previously  inoculated  subcutaneously  with 
blopd  from  an  animal  sufiering  from  '  Abyssinian  fly  disease,'  to 
which  it  proved  refi-actory." 

August  23.  Eight  months  after  previous  injection,  no 
trypanosomes  having  appetired  in  the  blood,  1*5  c.c.  of  blood, 
containing  many  trypanosomes,  from  Eabbit  289,  was  injected 
subcutaneously. 

September  28.  Trypanosomes  have  appeared  in  the  blood 
to-day. 

The  folloAving  chart  represents  the  course  of  the  disease : — 
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The  folloAviug  table  shows  the  presence  or  absence  of 
trypanosoraes  in  the  blood  : — 
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Experiment  194.  Goat. 

To  note  the  effects  of  subcutaneous  injection  of  blood  from 
an  animal  suffering-  from  "  mule  cattle  disease  "  into  a  goat. 

September  28,  1903.  Injected  3  c.c.  of  blood  containing 
trypanosomes  from  a  monkey,  Experiment  180, 

November  8.  Tiie  trypanosomes  have  not  appeared  in  the 
blood  of  this  animal.  Reinjected  with  7  c.c.  of  blood  from 
jackal,  Experiinent  240. 

The  temperature  remained  normal  throughout. 

_  The  trypanosomes  not  having  appeared  in  the  blood  of  this 
animal,  it  was  uped  "to  note  the  effect  of  injection  of  blood  from 
an  animal  suffering  from  the  '  Jinja  cattle  disease '  into  a  goat 
previously  injected  with  blood  containing  the  '  mule '  variety  of 
trypanosome,  but  which  had  not  appeared  in  the  peripheral 
blood." 

November  21.  Injected  10  c.c.  of  blood  subcutaneousl  y 
from  ox,  Experiment  162,  Avhich  was  dying. 

December  2.  The  trypanosomes  'appeared  in  the  blood 
to-day  for  the  first  time,  eleven  days  after  inoculation. 

January  6,  1904.  The  animal  is  pregnant.  She  appears 
sick  and  is  lying  down. 

The  following  chart  shows  the  course  of  the  disease  :— 


DATE 


NOVEMBER.  DECEMBER.  '  " 

20 2 1  22  2324  35 Z5 27  28 29  JO  I  2  3  4  5  6  7  8  9  I Q  1 1  12  13  1415)6  1718(9  20 


The  follo\\dnf^  table  shows  the  presence  or  absence  of 
trypanosomes  in  the  blood : — 
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January  6.    Animal  died  this  morning.  Post-mortem. 
No  emaciation.    There  is  no  opacity  of  the  corner  or 
cedematous  swellings.    The   superficial   glands   are  slightly 
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enlarged.  No  increase  of  fluid  in  the  iDlenral,  pericardial  or 
peritoneal  cavities. 

Heart. — A  considerable  amount  of  jolly-like  material  round 
the  base.  There  are  a  few  petechias  over  right  auricle.  There 
are  no  petechite  under  endocardium.  The  muscle  is  pale.  The 
blood  of  this  organ  contains  trypanosomes. 

Limgs. — BotJi  show  small  extravasations  under  pleural 
membrane,  otherwise  nothing  noteworthy. 

Liver. — Nothing  note  worthy. 

Spleen.— enlarged;  substance  is  soft  and  friable. 
Smears  from  this  organ  show  the  presence  of  trypanosomes. 

Kidneys. — .Jell3'--hke  substance  surrounds  both. 

Glands. — Along  the  great  vessels  they  are  distinctly 
enlarged. 

Uterus. — Contains  two  practically  full  time  foetuses.  The 
heart  blood  of  the  foetus  shows  no  trypanosomes,  nucleated  red 
corpuscles  were  abundant. 

Iie7narks.— This  experiment  is  an  interesting  and  important 
one.  Its  object  was  to  determine  firstly  the  effect  of  injection 
of  blood  containing  the  "  mule  variety  of  trypanosome,"  and 
secondly,  when  this  latter  failed  to  appear  'in  the  blood,  to 
determine  whether  the  "  Jinja  cattle"  trypanosome  would 
develop  in  the  blood  of  the  same  animal.  The  first  injection 
was  not  followed  by  the  appearance  of  trypanosomes  in 
the  blood,  although  two  inoculations  were  performed,  but 
when  the  blood  containing  the  "  Jinja  variety  "  of  trypanosome 
was  injected  the  parasites  appeared  in  the  blood  after  the  usual 
mcubation  period  for  this  disease  and  continued  to  be  present 
until  the  death.  The  death  was  due  to  the  trypanosomes, 
perhaps  hastened  by  the  pregnancy.  The  above  experiment 
suggests  that  as  regards  their  action  in  goats  there  is  a 
difference  between  the  trypanosomes  of  the  "mule"  and  the 
"  Jinja  cattle." 


16.  Are  ice  dealing  xoith  one  or  more  than  one  species  of 
Trypanosoma  1 

As  has  been  shown  the  Trypanosoma  gambiense  differs  in 
morphological  characters  from  the  animal  varieties  studied 
here.  The  difference  is  more  marked  in  their  behaviour  when 
inoculated  into  the  various  experimental  animals.  From  a 
consideration  of  the  results  obtained,  the  first  conclusion  that 
will  be  arrived  at  is  that  the  trypanosomes  found  in  the 
animals  in  Uganda  are  different  from  those  found  in  sleepipcv 
sickness  cases,  and  in  men  showing  no  signs  of  sleeping 
sickness  the  two  latter  trypanosomes  being  identical,  being 
m  tact  the  irypauosoma  gambiense  of  the  West  Coast.  As  to 
the  nature  of  the  animal  trypanosomes,  the  facts  may  be 
summed  up  as  follows  r-Tlie  trypanosoma  of  Mr.  Pordage's  ox 
when  inoculated  into  a  monkey  and  dog  failed  to  appear  in  the 
blood  of  either;  it  further  appeared  and  developed  in  the 

'°/70°nm  ^"^  ^'^^^^  ^'^^^^^^      tlifference  is  established 

(7d9(J)  Q 
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between  this  variety  of  trypanosoma  and  the  Trypanosoma 
gambiense.  Owing  to  the  fact  that  it  did  not  take  in  the 
experimental  animals,  it  was  not  possible  to  study  this  "  strain  " 
BO  fully  as  the  others. 

With  regard  to  the  other  varieties  it  Avill  be  at  once  obvious 
that  the  Jinja  trypanosoma  marks  itself  off  from  the  other  two 
in  its  behaviour  when  inoculated  mto  animals.  It  runs  a  more 
acute  course,  and  is  capable  of  developing  in  all  the 
expeiimental  animals  except  the  baboon,  whilst  the  Abyssinian 
and  mule  do  not  develop  in  the  blood  of  sheep,  oxen  and  goats. 
Thus  a  distinct  difference  is  constituted  between  the  Jinja 
trypanosoma  on  the  one  hand  and  the  Abyssinian  and  the  mule 
on  the  other.  This  was  also  established  by  inoculating  animals 
resistant  to  the  two  latter  varieties  of  trypanosoma  with  the 
Jinja  "  strain." 

The  reactions  in  animals  of  the  trypanosoma  found  in  the 
mule  at  Entebbe  and  that  obtained  from  the  Abyssinian 
boundary  are  in  all  respects  similar.  The  Jinja  trypanosoma 
most  closely  approaches  the  classical  African  type  (Nagana), 
and  is,  probably,  identical  with  it.  The  other  two  differ  from 
this  type,  and  may  be  provisionally  included  under  the  un- 
classed  varieties  of  African  trj-panosomes.  It  may  be  briefly 
stated  that  the  species  of  trypanosomes  which  have  been  met 
with  here  are  :  (1)  Trypanosoma  gambiense,  which  is  identical 
with  those  found  in  sleeping  sickness  cases  and  in  cases  of  so- 
called  "  Trypanosoma  fever "  ;  (2)  Trypanosoma  hrucet  or  a 
very  closely  related  species,  with  which  the  Jinja  cattle  trypaoo- 
soma  is  identical ;  (3)  a  trypanosoma  which  occasioned  the  death 
of  mules  in  Abyssinia  and  a  mule  in  Uganda-,  and  whicli  is 
provisionally  Tinclassed ;  (4)  the  trypanosoma  of  Mr.  Pordage's 
ox. 

The  following  table  shows  the  result  of  the  injection  of  the 
various  animals  vrith  the  different  "strains"  of  trypano- 
somes ; — 
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17.  Can  the  Glossina  palpalis  convey  the  Trypanosoma  found 
in  the  Jinja  Cattle,  Entebbe  and  Abyssinian  Mules  to  Healthy 
A  nimals  ? 

The  animal  employed  for  these  experiments  was  the 
monkey.  The  dog  is  quite  unsuitable  owing  to  the  difficulty, 
already  mentioned,  of  obtaining  an  animal  free  from  anchylo- 
stomes.  'J'he  method  employed  was  to  feed  tsetse  flies  on  an 
animal  suffering  from  the  above  diseases  and  then,  after  varying 
intervals  of  time,  to  place  the  same  cage  of  flies  on  a  healthy 
monkey.  Only  the  flies  which  had  filled  themselves  were 
counted  as  having  fed  : — 


Experiment  196.   Monkey  {Cercopithecus  sp.). 

Feeding  tsetse  flies  (Glossina  palpalis)  on  a  healthy  monkey 
6  hours  after  they  had  been  fed  on  a  monkey  infected  with  the 
"  Jinja  cattle  disease." 


Date. 

Number  of  flies 
fed  on  : — 

Tryp. 

Date. 

Number  of  flies 
fed  on  : — 

Tryp. 

Infected 
Monkey. 

Healthy 
Monkey. 

Infected 
Monkey. 

Healthy 
Monkey. 

1903. 

1903. 

Sept.  22... 

Absent. 

Oct. 

8... 

11 

8 

„  23... 

i'6 

li 

)? 

9... 

9 

13 

24... 

7 

13 

10... 

11 

14 

Absent. 

„  25... 

16 

14 

Absent. 

» 

11... 

14 

16 

„  26... 

15 

14 

)) 

12... 

7 

12 

„  27... 

10 

17 

)) 

13... 

6 

12 

„  28... 

20 

12 

)) 

14... 

12 

10 

„  29... 

14 

9 

)5 

15... 

10 

8 

„  30... 

12 

10 

)) 

16... 

12 

14 

Oct.  1... 

16 

12 

» 

17... 

10 

9 

Present. 

„  2... 

12 

11 

18... 

„  3... 

13 

8 

Absent. 

» 

19... 

„  4... 

14 

9 

)) 

20... 

„  5... 

10 

9 

)> 

21... 

„  6... 

18 

11 

)) 

22... 

„  7... 

9 

10 

Experiment  204.   Monkey  (Cercopithecus  sp.). 

Feeding  flies  {Glossina  palpalis)  on  a  healthy  monkey 
^4  hours  after  they  had  been  fed  on  a  monkey  infected  with  the 
trj'panosomes  of  the  "  Jinja  cattle  disease." 
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Date. 

— 

Number  of  flies 
fed  on  : — 

Tryix 

Date. 

Number  of 
flies  fed  on  : — 

Tryp. 

xniecteu 
Monkey. 

Jtlealtny 
Monkey. 

Infected 
Monkey. 

1  1  1  1  T  

Jd  earthy 
Monkey. 

1903. 

-~  ■ 

1903. 

Sept.  27... 

... 

14 

Nov. 

19... 

4 

... 

x\.  UaxiU  Li. 

„  28... 

17 

... 

)i 

20... 

f) 

... 

„  29... 

... 

24 

... 

>i 

21... 

8 

„  30... 

26 

i» 

22... 

6 

Oct.  1... 

... 

12 

... 

)) 

23... 

13 

... 

„  2... 

14 

... 

... 

>> 

24... 

0 

„  3... 

... 

... 

... 

)) 

25... 

4 

„  4... 

5 

... 

)i 

26... 

... 

8 

A  0001^  f" 

5... 

... 

16 

A  ViQpnt". 
.r^uacxLU* 

)) 

27... 

7 

„  6... 

14 

... 

... 

)> 

28... 

... 

io 

„  7... 

... 

9 

... 

)) 

29... 

6 

... 

»  8... 

9 

... 

)) 

30... 

8 

* '  * 

„  9... 

... 

16 

Dec 

1... 

10 

... 

,  10... 

12 

)) 

2... 

... 

12 

„  11... 

... 

12 

... 

11 

3... 

10 

A  Viaoii  f 
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14 

... 

?) 

4... 

... 
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. . . 

13 

... 
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>» 

5... 
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•  •  • 
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12... 

... 
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21... 

... 

20 
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13... 
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•  •  • 

22... 

8 

11 

14... 

... 

6 

23... 

... 

18 

11 

15... 

6 

•  ■  • 

24 

10 

... 

... 

11 

16... 

7 

... 

16 

... 

11 

17... 

"3 

A  nopiii" 

XXLIiSCU 

26 

12 

11 

18... 

4 

... 

27 

... 
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'  '  ' 

11 

19... 
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... 

9ft 

11 

11 

20... 

... 
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... 
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A  "hciPTi  f. 

XL  UOC  Li  l>* 

11 

21... 
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... 
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14 
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6 
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5 

11 

25... 
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26... 
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14 

A  r^QfiTl  ^" 
-rVUocii  Li* 
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• •  • 
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•  •  • 
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... 

2 

9)  D... 
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12 

11 

29... 

15 

... 

7 

n        / . . . 

5 

11 

30... 

19 

Q 

... 

"6 

11 

31... 

12 

q 

4 

10 

0 

1904. 

20 

Jan. 

1... 

12 

io 

xLUocIlt. 

11 

2... 

10 

"k 

11 

3... 

•o 

„  14... 

12 

... 

11 

4... 

„  15... 

14 

n 

5... 

6 

„  16... 

6 

11 

6... 

13 

„  17... 

7 

11 

7... 
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„  18... 

8 

11 

8... 

15 

... 
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Date. 



Number  of  flies 
fed  on : — 

Tryp. 

Date. 

Number  of  flies 
fed  on  : — 

Tryp. 

IT 

Infected 
Monkey. 

Healthy 
Monkey. 

Infected 
Monkey. 

Healthy 
Monkey. 

1904. 

1904. 

Jan.  y... 

10 

... 

Jan.  19... 

12 

... 

„  10... 

Q 

y 

... 

„  20... 

Q 
O 

... 

„  11... 

7 

... 

„  21... 

'  i 

Absent. 

"I  O 

„  la... 

12 

„  22... 

14 

„  13... 

"6 

„  23... 

"s 

... 

„  14... 

"i 

Absent. 

„  24... 

6 

„  15... 

12 

„  25... 

"i 

„  16... 

"e 

„  26... 

10 

„  17... 

9 

„  27... 

3 

„  18... 

5 

„  28... 

4 

Present. 

Experiment  199.    Monkey  ( CercopzYAecMs  sp.;. 

Feeding  tsetse  flies  (Glossina  palpalis)  on  a  healthy  monkey 
6  hours  after  they  had  been  fed  on  a  monkey  infected  with  the 
trypauosume  of  the  "  Abyssinian  fly  disease." 


Date. 

Number  of  flies 
fed  on  : — 

Tryp. 

Date. 

Number  of  flies 
fed  on  : — 

Tryp. 

Infected 
Monkey. 

Healthy 
Monkey. 

Infected 
Monkey. 

Healthy 
Monkey. 

1903. 

1903. 

Sept. 

26 

14 

10 

Absent. 

Oct. 

18 

9 

7 

)) 

27 

11 

14 

)) 

19 

8 

12 

)> 

28 

8 

3 

)) 

20 

12 

9 

)> 

29 

20 

13 

)) 

21 

10 

11 

)) 

30 

27 

11 

)) 

22 

12 

14 

Oct. 

1 

8 

9 

)) 

23 

11 

17 

Absent. 

)) 

2 

8 

6 

)> 

24 

10 

9 

)) 

3 

6 

9 

Absent. 

>) 

25 

8 

26 

)) 

4 

11 

7 

)i 

26 

12 

10 

)i 

5 

14 

8 

)) 

27 

10 

13 

>» 

6 

20 

12 

» 

28 

18 

14 

)) 

7 

11 

17 

29 

20 

12 

Absent. 

)> 

8 

9 

14 

)) 

30 

18 

14 

jj 

9 

6 

20 

31 

20 

12 

5) 

10 

10 

13 

Absent. 

Nov. 

1 

18 

12 

)> 

11 

11 

9 

2 

12  1 

14 

)5 

12 

14 

10 

3 

14 

12 

)) 

13 

16 

11 

4 

12 

10 

5) 

14 

14 

18 

)) 

5 

14 

16 

Absent. 

»5 

15 

21 

8 

») 

6 

16 

10 

16 

14 

18 

7 

14 

0 

» 

17 

12 

14 

Absent. 

)) 

8 

16 

18 
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Date. 

Number  of  flies 
fed  on  : — 

Tryp. 

Date. 

Number  of  flies 
fed  on  : — 

Tryp. 

1 

Infected  iHealthy 
Monk  ey.  Monkey. 

Infected 
Monkey. 

Healthy 
Monkey. 

1903. 

1904. 

Nov. 

9 

14 

12 

... 

Jan. 

1 

6 

6 

... 

>) 

10 

12 

14 

... 

n 

2 

4 

11 

... 

)) 

11 

10 

16 

)) 

3 

19 

6 

... 

)1 

12 

12 

14 

Absent. 

)> 

4 

22 

10 

»5 

13 

10 

8 

... 

)) 

5 

10 

6 

... 

H 

14 

8 

12 

... 

)) 

6 

5 

12 

... 

5) 

15 

7 

10 

... 

)> 

7 

5 

6 

Absent. 

)5 

16 

12 

10 

... 

8 

12 

5 

... 

)> 

17 

9 

9 

... 

>! 

9 

8 

12 

... 

5) 

18 

10 

10 

)> 

10 

12 

10 

... 

)J 

19 

12 

16 

Absent. 

n 

11 

10 

7 

... 

)? 

20 

14 

15 

... 

J) 

12 

6 

5 

... 

)) 

21 

9 

8 

... 

)) 

13 

10 

7 

... 

)) 

22 

7 

8 

... 

i> 

14 

5 

7 

Absent. 

5) 

23 

6 

14 

... 

)j 

15 

10 

6 

... 

)) 

24 

12 

11 

... 

)) 

16 

14 

10 

... 

J> 

25 

14 

4 

)) 

17 

6 

7 

... 

)> 

26 

12 

14 

AT  1 

Absent. 

)) 

18 

8 

7 

... 

5) 

27 

14 

8 

... 

)) 

19 

5 

7 

... 

)> 

28 

14 

10 

... 

)) 

20 

6 

5 

... 

5) 

29 

16 

14 

... 

)) 

21 

4 

6 

Absent. 

>) 

30 

12 

3 

... 

)» 

22 

8 

6 

... 

Dec. 

1 

10 

12 

... 

)) 

23 

8 

6 

... 

>) 

2 

12 

10 

55 

24 

2 

8 

... 

>) 

3 

10 

6 

A  1  i 

Absent. 

)) 

25 

3 

6 

... 

)) 

4 

8 

10 

... 

)) 

26 

2 

8 

... 

" 

5 

10 

7 

... 

)1 

27 

4 

4 

6 

8 

6 

... 

)5 

28 

3 

4 

Absent. 

)> 

7 

12 

ft 

... 

)) 

29 

2 

6 

... 

>» 

8 

10 

6 

... 

?) 

30 

4 

5 

... 

») 

9 

8 

6 

11 

31 

2 

5 

... 

» 

10 

10 

8 

Absent. 

Feb. 

1 

0 

3 

... 

11 

Q 

ty 

11 

... 

)) 

2 

3 

8 

... 

12 

8 

8 

... 

)) 

3 

2 

3 

j> 

13 

5 

hf 
/ 

... 

)) 

4 

5 

7 

Absent. 

)> 

14 

8 

e 

o 

... 

J) 

5 

6 

16 

... 

)) 

15 

ft 

a 

o 

... 

>) 

Q 

3 

10 

... 

J) 

16 

8 

8 

)) 

7 

14 

12 

5» 

17 

n 

Absent. 

)5 

8 

10 

5 

... 

18 

5 

6 

... 

)» 

9 

10 

8 

... 

» 

19 

10 

5 

... 

)7 

10 

10 

8 

)) 

20 

4 

5 

... 

)I 

11 

18 

18 

A  1  i_ 

Absent. 

J) 

21 

3 

7 

... 

)) 

12 

4 

6 

... 

)5 

22 

4 

6 

... 

5) 

13 

5 

9 

... 

)> 

23 

3 

6 

... 

)) 

14 

5 

7 

... 

>) 

24 

6 

5 

Absent. 

)1 

15 

18 

14 

... 

J) 

25 

0 

0 

... 

)1 

16 

6 

8 

... 

)) 

26 

6 

3 

)) 

17 

5 

9 

J) 

27 

8 

)) 

18 

4 

7 

Absent. 

» 

28 

9 

3 

1) 

19 

4 

4 

)> 

29 

4 

2 

>t 

20 

4 

4 

)) 

30 

5 

I 

») 

21 

6 

2 

t) 

31 

10 

Absent. 

)) 

22 

4 

6 
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Date. 

Number  of  flies 
fed  on  : — 

Tryp. 

Date. 

Number  of  flies 
fed  on  : — 

Trvn 

Infected 
Monkey. 

Healthy 
Monkey. 

Infected 
Monkey. 

Healthy 
Monkev. 

1904. 

1904' 

Feb.  23 

ft 

D 

4 

. . . 

March  3 

4 

6 

„  24 

8 

10 

... 

»  4 

4 

6 

Absent. 

„  25 

4 

5 

Absent. 

»  5 

6 

6 

„  26 

6 

8 

6 

6 

4 

„  27 

5 

4 

7 

5 

3 

„  28 

5 

4 

),  8 

3 

8 

»  29 

3 

4 

»  9 

4 

4 

March  1 

6 

8 

„  10 

4 

4 

»  2 

2 

8 

»  11 

4 

5 

Present. 

ExPEEiMENT  252.    Monkey  {Cercointhecus  sp.). 

Feeding  flies  (Glossina  j^aipalis)  on  a  healthy  monkey 
24  hours  after  they  had  been  fed  on  a  monkey  infected  with  the 
'•  Abyssinian  fly  disease." 


Number  of  flies 
fed  on : — 

Number  of  flies 
fed  on  : — 

Date. 

Tryp. 

Date. 

Tryp. 

Infectec 
j  Monkey 

Health} 
Monkey 

Infectec 
Monkey 

Healthy 
Monkey. 

1903. 
Nov.  14... 
„  15... 
„  16... 
„  17... 
„  18... 
„  19... 
„  20... 
.,  21... 
»  22... 
„  23... 
„  24... 
„  25... 
„  26... 
„  27...! 
„  28... 
„  29... 
„  30... 
Dec.  1... 

2... 
„  3... 
„  4... 
„  5... 

6... 

i'6 
i"6 
"6 
"4 
i'4 

8 

i'4 
i'e 

io 
"7 
5 

12 

•  »  • 

8 
"5 
i'2 

18 
9 

i'4 

24 
7 

U 
d 

Absent. 
Absent. 

Absent. 

1903. 
Dec.  7... 
„  8... 

9... 
„  10... 
„  11... 
„  12... 
„  13... 
„  14... 
„  15... 
„  16... 
„  17... 
„  18... 
„  19... 
„  20... 
»  21... 
„  22...! 
„  23... 
„  24... 
„  25... 
„  26... 
„  27... 
„  28... 
„  29... 

ii 

6 
i'2 

8 
6 

'6 
5 
5 
6 

10 
6 

7 

6 
i2 
5 

■'8 

5 
5 
0 
6 
0 
8 

1 

5  j 

•  •  • 

Absent. 
Absent. 

202 


Number  of  flies 

Number  of  flies 

fed  on  : — 

fed  on  : — 

Date. 

Tryp. 

Date. 

Tryp. 

inrected 
Alonkey. 

xleaitny 
Monkey. 

- 

iniected 
Monkey. 

Healthy 
Monkey. 

1903. 

1904. 

Dec.  30... 

8 

... 

Jan.  18... 

4 

„  31... 

6 

Absent. 

„  19... 

7 

... 

1904. 

„  20... 

4 

... 

Jau.  1... 

4 

... 

„  21... 

5 

Absent. 

„  2... 

5 

... 

„  22... 

8 

„  3... 

6 

... 

„  23... 

24 

„  4... 

5 

„  24... 

16 

... 

5... 

3 

„  25... 

6 

... 

6... 

3 

„  26... 

10 

... 

„  7... 

10 

Absent. 

„  27... 

0 

... 

„  8... 

4 

... 

„  28... 

14 

... 

,  9... 

8 

... 

„  29... 

2 

Absent. 

„  10... 

... 

„  30... 

1  9 
iZ 

... 

„  11... 

4 

... 

„  31... 

2 

... 

„  12... 

4 

. . . 

Feb.  1... 

"4 

... 

„  13... 

12 

„  2... 

4 

J4... 

8 

„  3... 

6 

„  15... 

4 

4... 

Present. 

„  16... 

5 

„  5... 

„  17... 

5 

„  6... 

Experiment  203.    Monkey  (Cereopithecus  sp.). 

Feeding  flies  (Glossina  palpalis)  on  a  healthy  monkey 
24  hours  after  they  had  been  fed  on  a  monkey  infected  with  the 
trypanosomes  of  the  "  mule  disease." 


Number  of  flies 

Number  of  flies 

fed  on  : — 

fed  on  : — 

Date. 

Tryp. 

Date. 

Tryp. 

Infected 
Monkey. 

Healthy 
jMonkey. 

Infected 
Monkey. 

Healthy 
Monkey. 

1903. 

Sept.  27... 

10 

28... 

16 

29... 

14 

30... 

'9 

Oct. 

1... 

io 

2... 

9 

» 

3... 

ii 

4... 

14 

» 

5... 

i'i 

5) 

6... 

6 

»> 

7... 

"7 

1) 

8... 

14 

)J 

9... 

14 

)5 

10... 

... 

7 

n... 

9 

'9 

» 

12... 

... 

» 

13... 

"7 

Absent. 


Absent. 
Absent. 

Absent. 


1903. 

Oct.  14. 

„  15. 

„  16. 

„  17. 

„  18. 

„  19. 

„  20. 

„  21. 

„  22. 

„  23. 

„  24. 

„  25. 

„  26. 

„  27. 

„  28. 

„  29. 

„  30. 


5 
5 
"9 

16 

26 
14 
18 


11 
8 
4 

"8 


14 
li 
16 


Absent. 


Absent. 


Present. 
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18.  Can  other  hiting  Flies  (Stomoxys)  convey  the  Trypanosoma 
found  in  the  Jinja  Cattle,  Entebbe  and  Abyssinia  Mules  to  Healthy 
Animals  ?■ 

Exactly  similar  experiments  to  the  above  were  carried  out, 
the  only  difference  being  that  instead  of  Glossina  palpalis 
another  common  biting  fly  met  with  in  Uganda  (^Stomoxys) 
was  used,  these  experiments  are  given  in  full: — 

Experiment  223.    Monkey  {Cercopithecus  sp.). 

Feeding  biting  flies  (Stomoxys)  on  a  healthy  monkey  which 
had  been  fed  8  hours  before  on  a  monkey  infected  with  the 
trypanosomes  of  the  "  Jinja  cattle  disease." 


Date. 


Number  of  flies 
fed  on : — 


Infected 
Monkej. 


Tryp. 


Healthy  i 
Monkey.! 


Date. 


Number  of  flies 
fed  on  : — 


Infected 
iMonkey. 


1903. 

Oct.  11... 

7 

8 

12... 

24 

18 

»    13  .. 

12 

22 

14... 

8 

10 

„  15... 

14 

16 

„  16... 

16 

24 

»  17... 

14 

16 

„  18... 

20 

18 

„  19... 

14 

17 

„  20... 

18 

15 

„  21... 

18 

18 

„  22... 

14 

12 

„  23... 

ly 

14 

„  24... 

0 

0 

»  25... 

0 

0 

„  26... 

7 

6 

„  27... 

8 

6 

„  28... 

7 

10 

»  29... 

8 

9 

„  30... 

12 

10 

„  31... 
Nov.  1... 

14 

10 

12 

14 

„  2... 

12 

16 

„  3... 

10 

12 

4... 

8 

14 

12 

17 

6... 

14 

18 

„  7... 

10 

0 

„  8... 

14 

16 

9... 

12 

12 

„  10... 

10 

14 

11... 

18 

14 

12... 

14 

10 

„  13... 

8 

14 

»  14... 

6 

12 

Healthy 
Monkey. 


Tryp. 


Absent 


Absent. 
Absent 


Absent. 


Absent. 


Absent. 


1903. 

1 
1 

JNov.  15.. 

12 

16 

... 

„  16.. 

16 

13 

»  17... 

10 

18 

... 

„  18... 

12 

26 

„  19... 

18 

12 

Absent. 

„  20... 

16 

14 

„  21... 

14 

12 

„  22... 

10 

12 

„  23... 

14 

22 

24... 

11 

10 

„  25... 

14 

12 

„  26... 

14 

0 

Absent. 

„  27... 

10 

12 

„  28... 

14 

30 

„  29... 

18 

20 

„  30... 

10 

11 

Dec.  1... 

12 

14 

„  2... 

14 

9 

3... 

14 

15 

Absent. 

„  4... 

16 

18 

„  5... 

11 

16 

„  6... 

12 

18 

„  7... 

14 

25 

))  8... 

15 

16 

9... 

12 

6 

„  10... 

14 

12 

Absent. 

„  11...! 

12 

14 

„  12...! 

10 

12 

„  13... 

7 

12 

»  14...' 

12 

10 

„    15.. .i 

7 

22 

„  16... 

16 

14 

„  IV... 

12 

16 

Absent. 

„    18.. .1 

10 

16  1 

„  19... 

12 

10 
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Date. 

 _  : 

Number  of  flies 
fed  on  ; — 

Tiyp. 

Date. 

Number  of  flies 
fed  on  : — 

Tryp. 

Infected 
Monkey. 

Healthy 
Monkey. 

Infeoted 
Monkey. 

Healthy 
Monkey. 

1 

1903. 

-  — 

1904. 

— ,  

Dec.  20... 

7 

14 

... 

Jan.  30... 

6 

8 

... 

„  2i... 

24 

16 

... 

31... 

5 

4 

»  22... 

14 

20 

... 

Feb. 

1... 

4 

6 

„  23... 

8 

12 

2... 

6 

4 

... 

„  24... 

12 

10 

AT...  i. 

Absent. 

» 

3 

4 

8 

„  25... 

5 

... 

1) 

4... 

4 

8 

Absent. 

„  26... 

io 

4 

... 

>) 

5... 

11 

12 

... 

„  27... 

12 

14 

... 

6... 

8 

6 

... 

„  28... 

12 

25 

... 

)1 

7... 

5 

6 

... 

„  29... 

9 

12 

... 

8... 

6 

8 

... 

„  30... 

7 

28 

11 

9... 

16 

12 

... 

„  31... 

12 

20 

Absent. 

)) 

10... 

12 

10 

• " 

11 

11... 

10 

6 

Absent. 

1904. 

11 

12... 

8 

8 

Jan.    1 . . . 

10 

20 

... 

11 

13... 

8 

4 

2... 

12 

6 

... 

14... 

10 

15 

3... 

5 

13 

... 

11 

15... 

0 

0 

... 

,,  4... 

6 

10 

... 

11 

16... 

0 

0 

•■• 

„  5... 

8 

10 

... 

11 

17... 

0 

0 

Absen 

„  6... 

18 

15 

1) 

18... 

■  •  I 

9 

... 

„  7... 

10 

10 

Absent. 

19... 

•  . . 

4 

... 

„  8... 

10 

8 

... 

20... 

4 

2 

... 

„  9... 

5 

16 

... 

11 

21... 

6 

6 

... 

„  10... 

9 

6 

... 

" 

22... 

8 

10 

... 

„  11... 

15 

15 

23... 

10 

10 

... 

„  12... 

12 

8 

)) 

24... 

9' 

6 

■•• 

„  13... 

18 

4 

2o'.'.. 

5 

3 

Absent. 

„  14... 

6 

13 

AT  J. 

Absent. 

?i 

26... 

5 

4 

... 

„  15... 

6 

5 

... 

5) 

27... 

4 

2 

... 

„  16... 

10 

8 

... 

)) 

28... 

6 

14 

... 

„  17... 

5 

26 

•  ■  * 

)1 

29... 

8 

6 

„  18... 

6 

24 

... 

Mill 

.  1... 

9 

8 

„  19... 

8 

10 

... 

2... 

5 

4 

„  20... 

7 

6 

... 

15 

3... 

4 

4 

;:; 

„  21... 

5 

7 

Absent 

!5 

4... 

3 

3 

Absent. 

„  22... 

6 

4 

... 

)5 

5... 

6 

6 

. . . 

„  23... 

5 

7 

... 

)) 

6... 

U 

A 

... 

„  24... 

3 

4 

55 

7... 

4 

3 

„  25... 

4 

0 

55 

8... 

3 

2 

„  26... 

5 

5 

... 

55 

9... 

6 

5 

... 

27... 

1  6 

4 

55 

10... 

8 

5 

]]  28... 

'  10 

3 

Absent. 

55 

11... 

3 

6 

Absent. 

„  29... 

1  5 

5 

5) 

12... 

4 

Stopped. 

Experiment  254.   Mokkey  (Cercojnthecus  sp.). 

Feeding  biting  flies  (Storaoxys)  on  a  healthy  monkey  which 
had  been  fed  24  hom-s  previously  ou  a  monkey  infected  witli 
the  trypanosomes  of  the  *'  Jinja  cattle  disease." 
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Date. 

Number  of  flies 
fftd  on  : — 

Tryp. 

i 

Date. 

'  Number  of  flies 
1      fed  on  : — 

Tryp. 

Infectec 
Monkey 

1 

Healthy 
l^onkey 

Infectec 
Monkey 
J  1. 

I  Health} 
Monkev 

1903. 

1 

1904. 

Nov.  19... 

Jan.  13.. 

13 

1 

D 

o 

14 

o 
O 

21 

10 

15 

6 

22 
-J-l... 

... 

8 

16 

12 

... 

.  23 

15 

„  17... 

... 

5 

o 

8 

1        ■  •  • 

„  18... 

10 

... 

25 

in 
10 

19 

... 

4 

... 

26 

14 

A  bsen  t 

„  20... 

6 

... 

27 

21 

4 

A  n»^pn  f 

28 

11 

22 

12 

... 

... 

29 

8 

... 

23 

... 

12 

30 

4 

24 
Art... 

8 

... 

Dec.  1... 

0 

... 

„  25... 

... 

8 

2 

24 

„  26... 

6 

o 

o 

27 

... 

4 

4. 

»5  rr... 

10 

„  28... 

8 

5 

/? 

0 

„  29... 

... 

6... 

4 

„  30... 

2 

... 

7... 

D 

31 

... 

0 

•  •  • 

8... 

5 

Feb.  1 . . . 

0 

... 

•  *  • 

9... 

0 

2 

8 

•  •  • 

„  10... 

4 

A-bsent. 

3 

6 

... 

11... 

))  AX... 

/J 
D 

4 

51  '±... 

... 

4 

-ti-UocllL, 

„  12... 

4 

24 

... 

•  •  • 

„  13... 

6 

... 

6 

11                  . . 

... 

8 

•  ■  • 

„  14... 

8 

7 

4 

... 

•  •  • 

..  15... 

4 

... 

8 

... 

4 

•  *  • 

„  16... 

6 

Q 

8 

... 

■  •  ■ 

„  17... 

0 

10 

14 

18... 

5 

11 

4 

A  usent. 

„  19... 

4 

12 

... 

4 

. . . 

„  20... 

4 

13 

4 

... 

... 

21... 

o 
o 

„  i'±... 

8 

* .  • 

„  22... 

5 

15 

4 

... 

•  *• 

„  23... 

1  A 

Ifi 
))  iU... 

... 

8 

• .  • 

„  24... 

2 

Absent. 

17 

12 

25... 

r\ 
U 

18 

4 

.  •  •  • 

A  Dsent. 

„  26... 

0 

„  19 

4 

... 

27... 

8 

„  28... 

15 

21 

4 

„  29... 

„  22 

4 

„    30.. .1 

15 

23 

8 

... 

. .  ■ 

„  .31...' 

11 

1  9 

i 

Absent. 

24 

... 

4 

Absent. 

1904. 

))  xCij... 

5 

Jan.  1... 

9R 

... 

... 

8 

„  2...i 

27 

6 

... 

"  3... 

5  ' 

„  28... 

4 

4... 

11  ^ 

6 

5)  zy... 

5 

... 

5... 

5 

Mar  1 

12  i 

... 

6... 

11 

9 

9 

6 

„ 

"i 

Absent. 

„  3... 

8 

„  8... 

2 

1 

4 

8 

Absent. 

„  9...; 

10 

»  5... 

4  1 

„    10.. .1 

3 

„  6... 

5 

„  ll...| 

io 

„  7... 

6 

12...' 

"e 

! 
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Experiment  205.    Monkey  (Cercopithecus  sp.). 

Feeding  biting  flies  (Stomoxys)  on  a  healthy  monkey  which 
had  been  fed  8  hours  previousJy  on  a  monkey  infected  with  the 
trypanosomes  of    Abyssinian  fly  disease."  . 


Date. 

Number  of  flies 
fed  on  :  — 

Tryp. 

Date. 

Number  of  flies 
fed  on  : — 

Tryp. 

Infected 

TV  T  1 

Monkey. 

Healthy 
Monkey. 

Infected 
jMonkey. 

Healthy 
Monkey. 

1903. 

1  QAQ 

lyuo. 



Sept.  27... 

20 

./xUacIilr. 

ll  OV.    iZ.  .  . 

16 

14 

Absent. 

28... 

16 

15 

. . . 

lo... 

12 

16 

... 

29... 

13 

0 

> .  ■ 

1  A 

14 

12 

... 

» 

30... 

23 

18 

> .  > 

i;  10... 

16 

14 

... 

Oct. 

1... 

16 

23 

yi  iO... 

16 

11 

2... 

20 

11 

1  "7 

16 

14 

... 

11 

3... 

14 

20 

1  Q 
)>  lo... 

14 

12 

11 

4... 

16 

12 

„  ly... 

26 

24 

Absent. 

11 

5... 

17 

20 

j\  useiiL. 

OA 

20 

10 

11 

6... 

25 

18 

Ol 

)i     2:1 .. , 

20 

8 

... 

11 

7... 

14 

23 

• . . 

14 

18 

11 

8... 

24 

18 

11  2:o... 

12 

10 

... 

jl 

9... 

15 

12 

14 

8 

... 

>1 

10... 

15 

20 

i\.  Dsen  t. 

5,  ZO... 

22 

16 

•  •• 

*1 

11... 

20 

14 

5,  iO... 

16 

14 

Absent. 

)1 

12... 

30 

28 

Z/... 

16 

20 

... 

1) 

13... 

35 

30 

OS 

zo... 

12 

15 

14... 

28 

24 

OQ 

14 

10 

... 

15... 

28 

14 

oU... 

18 

10 

16... 

18 

14 

IJtiC.  I... 

14 

12 

... 

17... 

20 

18 

xxDsent. 

10 

20 

••• 

18... 

14 

12 

o 

)1  o... 

12 

8 

A  bsent. 

1) 

19... 

10 

11 

)) 

14 

10 

... 

)1 

20... 

16 

17 

„  0... 

22 

15 

... 

11 

21... 

14 

12 

„  D... 

18 

14 

... 

11 

22... 

18 

10 

at'" 

A  bsent. 

„  /... 

22 

16 

)> 

23... 

12 

10 

•  •  • 

Q 

)) 

18 

12 

... 

5) 

24... 

12 

10 

„  y... 

14 

10 

55 

25... 

12 

16 

„  lU... 

12 

6 

Absent. 

55 

26... 

9 

12 

... 

„  11... 

6 

12 

55 

27... 

12 

10 

... 

„  iz... 

9 

7 

... 

J) 

28... 

14 

12 

„  ItJ... 

9 

15 

... 

55 

29... 

10 

8 

,  ■  ■  • 
A  bsent. 

1  /I 

))  14... 

16 

14 

... 

55 

30... 

16 

14 

„  lo... 

12 

11 

15 

31... 

18 

12 

„  16... 

12 

14 

Nov. 

1... 

14 

10 

„  17... 

8 

11 

Absent. 

15 

2... 

20 

16 

„  18!!! 

6 

7 

55 

3... 

18 

25 

„  19... 

8 

12 

11 

4... 

16 

20 

„  20... 

5 

10 

11 

5... 

16 

18 

Absent. 

„  21... 

18 

20 

55 

6... 

18 

14 

„  22... 

16 

12 

55 

7... 

10 

0 

„  23... 

14 

10 

55 

8... 

18 

14 

„  24... 

5 

8 

Absent. 

15 

it 

16 

14 

„  25... 

0 

55 

14 

16 

„  26... 

8 

1 

» 

"■•1 

15 

14 

„  27... 

15 

10 
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Numbei-  of  flies 

Number  of  flies 

fed  on  : — 

fed  on  : — 

Date. 

Tryp. 

Date. 

Tryp. 

Infected 
Monkey. 

Healthy 
Monkey. 

Infected 
Monkey. 

Healthy 
Monkey. 

J.  iyv/O. 

i  y  U4. 

1 
1 

Dpf»  98 

1 

9n 

J:  CD.  i  / . . 

D 

8 

1  Absent. 

9Q 

1  f> 

i  \) 

11  ^8.. 

6 

6 

C 

o 

1  9 

,1  19- 

3 

... 

..  31 

13 

12 

Absent. 

1,  20.. 
„  21.. 

0 

A 

4 

5 

•  •  • 

1904. 

11  22.. 

t 

0 

4 

... 

.Tan  1 

Q 
O 

!  o 

1,  23.. 

1  f 

7 

... 

9 

10 

l.\J 

Q 
o 

11  24.. 

0 

8 

A  bsent. 

11       o. . 

1  9 

11  25.. 

i  A 

6 

... 

4. 

11  • 

J.  £i 

0 

1,  26.. 

1  0 

8 

. . . 

„  5.. 

9 

10 

1,  27.. 

a 

D 

R 

11 

« 

A 
ft 

11  28... 

4 

2 

7 

11     '  •  • 

ft 

•3 
o 

Absent. 

„  29... 

4 

3 

... 

Q 

11  o.. 

Q 

Mar.  1... 

4 

... 

Q 

)1  C7... 

4 

„  2... 

4 

1  4 

... 

10 
11  -LV... 

14 

/ 

„  3... 

O 

7 

... 

,r  11... 

12 

1,  4... 

0 

5 

Absent. 

„  12... 

10 

4 

„  5... 

A 
rt 

,  z 

„  13 

6 

,1  6... 

4 

8 

14 

6 

A 
*± 

Absent. 

11  7... 

o 
O 

4 

... 

15 

5 

„  8... 

6 

6 

... 

„  16 

g 

J. 

11  9... 

,i 

8 
5 

... 

17 

?7        A  /  .  .  . 

ft 

,1  10... 

6 

... 

„  18... 

10 

5 

11  11... 

5 

7 

Absent. 

19 

11  X€7... 

q 

,1  12... 

6 

4 

„  20... 

6 

(J 

„  13... 

D 
O 

4 

... 

„  21 

77            J.  .  .  . 

4 

rt 

Absent. 

„  14... 

0 

8 

... 

„  22... 

5 

-J 

1,  15... 

4 

6 

... 

„  23... 

0 

r; 

„  16... 

5 

8 

... 

11  24... 

77        *j  I.  .  . 

f5 

„  17... 

14 

10 

... 

11  25.. 

6 

o 

„  18... 

14 

11 

... 

Absent. 

„  26... 

.2 

4 

1,  19... 

8 

10 

1,  27. 

4 

o 

,1  20... 

5 

12 

„  28 

3 

9 

Absent. 

,1  21... 

10 

10 

... 

„  29... 

1,    22. ..i 

14 

12 

... 

„  30.'!! 

5 

4 

„    23. ..i 

10 

^7 
/ 

„  31... 
Feb.  1... 

2 
4 

0 
9 

„  24... 
,1  25... 

6  1 
4 

8 
5 

Absent. 

1,  2... 

3 

6 

,1  26... 

8 

10 

,1  3... 

4 

4 

„  27...; 

4 

20 

„  4... 

2 

6 

Absent. 

„    28.. .i 

14 

13 

11  5.-. 

o 

o 

10 

11    29. ..1 

3 

,1  6... 

6 

12 

,1    30.. .{ 

^  1 

15 

8 

„  7... 

6 

4 

1,    31. ..1 

,1  8... 
1,  9... 

8 

11  i 

4 
6 

Apr.  1... 
2... 
»  3... 

14 
10 

4 

8 

„  10... 

8  i 

4 

8 

3 
8 
6 

10 
8 
6 

12 

1,  II--. 

12 

4 

Absent. 

1,  4... 

6 

1,  12... 
„  13... 
„  14... 
„  16... 
„  16... 

! 

6  ! 

6  ! 

6  ; 

16  ! 
4 

5 

5  1 
8 

12 
7 

„  6...I 
,1  6... 
„  7... 
1,  8... 
,1  9...| 

4  i 

4  1 

5  i 
3 

3 

Absent. 
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Number  of  flies 
fed  on  : — 

■■■1. VP- 

-Uaie. 

Number  of  flies 
fed  on : — 

Tryp. 

Tnf  pfit.pd 
IVToTi  Itpv 

Healthv 
IVTati  Vav 

J,  LCCtJL  uii  y 

IVTrinlrPV 
Xtxvjiaivc  y  • 

1904. 

1904. 

Apr.  10... 

10 

o 

O 

Apr.  21... 

4 

„  11... 

U 

O 

„  22... 

K 

o 

1  9 

Absent. 

„  12... 

20 

10 

„  23... 

6 

10 

„  13... 

0 

0 

„  24... 

3 

8 

14... 

1  9 

Absent. 

„  25... 

Q 

o 

„  15... 

10 

8 

„  26... 

4 

10 

„  16... 

12 

14 

... 

„  27... 

2 

10 

„  17... 

11 

10 

„  28... 

5 

8 

„  18... 

14 

11 

„  29... 

3 

8 

Absent. 

„  19... 

8 

24 

„  30... 

6 

12 

Stopped. 

„  20... 

14 

11 

Experiment  215.    Monkey  {Cercopitliems  sp.). 


Feediug  bitiug  flies  (Storaoxys)  on  a  healthy  monkey  which 
liad  fed  8  hours  previously  on  a  monkey  infected  with  the 
trypanosomes  of  the    mule  disease." 


Date. 

Number  of  flies 
fed  on  :  — 

Tryp. 

Date. 

Number  of  flies 
fed  on  :  — 

Tryp. 

Infected  jnealtliy 
Monkey.  'Monkey. 

1 

Infected  jHeaithy 
Monkey. 'Monkey. 

Oct. 

4... 
5... 

8 

18 

Absent. 

Oct. 

24... 

0 

0 

13 

10 

25... 

7 

8 

1) 
)) 

6... 

12 

55 

26... 

25 

16 

7... 

14 

12 

11 

27... 

20 

14 

n 

8... 

12 

15 

28... 

16 

12 

ii 

9... 

n 

!) 

23... 

14 

10 

Absent. 

10... 

20 

35 

11 

30... 

14 

12 

» 

11... 

28 

24 

Absent. 

11 

31... 

12 

10 

11 

12... 

28 

10 

Nov 

.  1... 

10 

11 

13... 

24 

35 

11 

2... 

9 

12 

1) 

14... 

26 

28 

11 

3... 

16 

14 

11 

15... 

27 

20 

1) 

4... 

14 

12 

11 

16... 

28 

12 

11 

5... 

18 

10 

Absent. 

11 

17... 

0 

0 

Absent. 

11 

6... 

16 

12 

11 

18... 

0 

0 

11 

7... 

15 

0 

11 

19... 

0 

0 

Absent. 

11 

8... 

11 

14 

11 

20... 

0 

0 

11 

9... 

14 

10 

Absent. 

11 

21... 

0 

0 

11 

10... 

12 

11 

11 
11 

22... 

0 

0 

Absent. 

11 

11... 

26 

10 

Stopped. 

11 

23... 

i  ^' 

0 
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As  a  result  of  the  above  experiments  it  may  be  considered 
proved  that  the  Glossina  pcdpalits  can  convey  the  above 
trypanosomes  from  the  sick,  to  healthy  animals  and  so  propagate 
the  disease.  _  Apart  from  the  great  practical  importance 
attached  to  this,  it  is  also  of  considerable  interest  to  note  that 
the  Glossina  palpalis  can  convey  not  only  the  Trypanosoma 
garabiense,  but  other  varieties.  This  being  so,  it  is  reasonable 
to  suppose  also,  that  other  varieties  of  Glossina  will  convey  the 
Trypanosoma  gambiense.  This  being  so,  it  will  be  evident 
from  Mr.  Austen's  map  that  a  very  extensive  tract  of  country 
will  be  involved.  At  Igaga's  and  Kibui,  halting  places  of  the 
j!j^J^^  cattle,  a  variety  of  tsetse  fly  {Glossina  pallidipes)  was 

It  may  be,  further,  considered  proved  that  (Stomoxys) 
cannot  convey  these  trypanosomes  from  the  sick  to  the  healthy 
animals.  This  is  a  matter  of  great  practical  importance  also, 
because  these  flies  abound  in  Uganda. 

Some  observations  were  made  on  the  length  of  time 
which  the  various  trypanosomes  remain  active  in  the  stomach 
ot  the  fly.  The  contents  of  the  stomach,  food  reservou:s 
and  sahvary  glands  have  been  studied  both  fresh  and  by 
staining,  but  no  definite  life  cycle  has  been  observed  in 
the  parasites.  In  the  ventral  food  reservoir  active  trypano- 
somes have  been  seen  up  to  12  hours  after  feeding.  This  is 
mterestmg  m  view  of  the  fact  stated  by  Schaudinn,  that 
mosquitoes  discharge  the  contents  of  the  sac  into  the  wound, 
m  tact  the  irritation  is  produced  by  these  contents.* 

Experiments  were  made  to  see  whether  the  Glossina  palpalis 
can  convey  any  of  these  varieties  of  trypanosomes  after  longer 
intervals  (o  days  and  over).  These  remained  entirely  negative, 
bo  It  would  appear  that  if  the  trypanosoma  undergoes  any 
transformation  in  the  body  of  the  fly  as  Schaudinn's  work 
suggests,  it  must  be  a  short  one. 

_  A  point  of  considerable  interest  in  connection  with  the  flies 
18  the  tendency  which  they  have  to  "abort"  in  captivity. 
Mr.  Austen  drew  attention  to  the  great  variation  in  size  of  the 
pupae  in  some  specimens  sent  to  him  and  put  forward  the  above 
explanation.  jTo  test  this  a  number  of  pup*  have  been 
placed  m  suitable  places  and  their  development  noted.  It  was 
tound  that  the  small  undersized  specimens  underwent  no 
further  alteration,  whilst  the  larger  and  normal  looking  pup* 
hatched  out  as  usual.  This  would  thus  suggest  that  the  small 
pup*  had  been  prematurely  laid  and  were  not  viable 


APPENDIX. 


In  the  further  report,  the  histories  of  a  number  of  cases  of 
SJeepmg  sickness  were  given  ;  an  additional  series  have  been 

elaboS  °f  °^  investigation,  wliich  is  very  technical,  will  be 
elaborated  by  Professor  Mmchm,  who  ha.  gone  to  Uganda  for  this  purpoee. 
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recoixled.  In  the  followiug  cases  Ihe  special  point  which  lias 
been  investigated  is  the  rehitionship  of  bacterial  invasion  to  the 
disease,  the  frequency  and  stage  of  the  disease  at  which  it 
takes  place;  a  more  detailed  study  of  the  blood  is  given. 
Also  the  results  of  the  examination  of  the  lymphatic  glands  are 
given  in  extenso. 

The  following  are  the  histories : — 


(i9 

Case  ttj,  Sabakaki  (Male),  Age  8  years. 

February  28,  1904.  Patient  admitted  into  hospital  to-day. 
Superficial  lymphatic  glands  enlarged.  He  presents  a  dull  facial 
expression,  Avith  tremors  of  the  tongue  and  hands.  He 
complains  of  itching,  and  there  are  scratch  marks.  The  pulse 
is  84,  fair.  , 

March  6th.  No  noteworthy  alteration  in  patients  con- 
dition.   He  is  in  the  late  second  stage  of  the  disease. 

March  15.  A  glaud  was  excised  from  the  left  posterior 
triangle  of  neck.  The  juice  contained  active  trypanosomes, 
but  no  diplococci. 

May  15.  The  general  condition  of  the  patient  is  worse. 
Pulse  104,  tension  low.    Heart  sounds  are  normal. 

May  27.    The  patient  is  passing  into  the  third  stage  of  the 

June  6.  The  patient  is  now  very  emaciated  and  completely 
bedridden.  Jiggers  in  both  feet.  The  glands  m  the  lelt 
posterior  triangle  of  neck  were  punctured.  A  tube  of  brotli 
inoculated  with  the  juice  remained  sterile.  The  juice  contains 
many  active  trypanosomes  and  also  on  staining  some 
disintegrating  forms.  The  cerebro-spinal  flmd  contained 
active  trypanosomes  and  94  cells,  all  mono-nuclear,  per  cmm. 

June  14.    The  patient  is  moribund. 

The  following  chart  represents  the  course  of  the  disease  :— 
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1904  2829  JOJI 
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the  b  ooH         ^I'^y^^'^'^  ^'^^  «f  the  emimeration  of 

prLence  c^^^C^^^  haemoglobin  and  the 

gJands,  bJood  and  ceroln-o-ppinal  flnid  :— 
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Parasites  in 
C.3.F. 

Strept.  I  Tryp. 

+    +  : 

:     1  ! 

Pai'asites  in  blood. 

li 
H 

1      1  1 

Mai. 

1      1  1 

1—? 

+     t  1 

Parasites  in 
glands. 

Tryp. 

+    +  + 

. 

ft 
m 

1      1  1 

Hb. 

per 
cent. 

:     00  : 

*      CO  • 

Percentages. 

f4 

L.M. 

M  '• 

S.M. 

C5    CO  : 

P.N. 

oi  : 

CO       lO  - 

W.B.C. 

... 

6,800 

E.B.C. 

3,700,000 

Date. 

1904. 

March  15   

Jnne  6   

„  18   
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June  18.    Died.  Popt-mortem. 

The  body  is  markedly  emacinted.  Tiiere  is  x^eueral 
eulavgement  of  the  superficial  lymphatic  glands.  There  are 
.jiggers  111  both  feet.  The  pupils  are  equal  and  normal  There 
IS  no  increase  of  fluid  in  jjleural,  pericardial  or  peritoneal 
cavities.  ^ 

On  removing  the  calvarium  and  reflecting  the  dura  mater 
some  flattening  of  the  convolutions  is  noticed.  There  is  an 
increase  of  sub-arachnoid  fluid,  giving  a  dull  appearance  to  the 
membrane.  Spinal  cord  shows  nothing  noteworthy  to  the 
naked  eye.  Portions  of  brain  and  spinal  cord  with  nerve  roots 
ganglion  and  nerves  were  removed  for  minute  investigation 
A  culture  in  broth  of  the  cerebro-spin-al  fluid  remained  sterile 

^earL~i>,howB  no  noteworthy  change.    A  culture  from  the 
blood  ot  this  organ  shows  the  presence  of  B.  coU  communis 

Uings.—Eoth  show  minute  areas  of  embolism  scattered 
tbrougbout,  being  both  subpleural  and  in  the  deeper  tissue. 
-Liver.— ^hows  some  congestion. 
Spleen.— -DisiinGilj  enlarged  and  pigmented. 
Kidneys. — Show  no  noteworthy  change. 
Gla7uls.~T\ieve  is  very  marked  enlargement  of  both  femoral 
and  inguinal  groups;  these  are  continuous  with  a  chain  which 
runs  along  the  large  vessels  of  the  abdomen  towards  the 
tnorax;  the  thoracic  group  are  continuous  above  with  the 
cervical  cham,  which  extimds  up  to  the  suboccipital  region.  No 
points  of  suppuration  are  present  in  the  glands.    A  culture  in 
broth  of  the  gland  juice  remained  sterile.    Stained  preparations 
ot  the  juice  showed  altered  trypanosomes. 

Stomach.--MncouB  membrane  M^as  studded  with  dark  points 
surrounded  by  a  zone  of  light  red,  these  petechite  were  more 
marked  towards  the  pyloric  orifice. 

RemaTks.~i:hi8  case  is  of  interest  as  showing  that  here 
tHere  was_  no  invasion  by  the  diplococcus.  The  B  coli 
eom^^u.z.  in  this  case  invaded  the  tissues  probably  'very 
shortly  before  death.  This  case  was  therefore  one  of 
trypanosoma  infection  from  the  beginning  to  the  end  The 
condition  of  the  lungs  was  interesting,  emboHsm  being-  a 
common  post-mortem  sign  in  trypanosomiasis  of  animals. 

ihe  <^oiidition  of  the  mucous  membrane  of  the  stomach  was 
remarkable  m  this  case,  compare  cases  Geerude  and  Zakayo. 

69 

Case      Zbridan  (Male).   Age  16  years. 

March  17,  1904.    Admitted  to  hospital.    Fades   dull  and 
pXp  «T?   l!l  *      ^'^^  uncertain.     Tremors  of  hands 

Pulse  80,  feeble.    No  oedematous  swellings.    Lymphatic  glands 

fhe  tS  f  ZV'^l^l^        ^°°«id«^-ble%xteni.  ^Patienl  is  in 

from  the  le^^^^^^         '  ^^'^P^  ^^^^^^  '^^^'^  ^^^^^^ 

hom  the  left  posterior  triangle  of  the  neck.    The  iuice  was 
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March  20.    Patient  is  now  in  a  moribimd  condition. 

The  following  chart  represents  the  course  of  the  fever: — 


DATE 
1904 

MARCH. 

17  18  19  2022232<f2S 

102 

roi 

,100 
99 
98 
97 
96 
95 
94 
93 
92 
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J 
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80  85  728460 52 
16  14  12  25  20  K  12 

The  following  table  shows  the  presence  or  absence  of 
trypanosomes  and  streptococci  in  the  lymphatic  glands  and 
cerebro-spinal  fluid,  also  the  total  and  differential  leucocytes 
count : — 
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March  21.    Died.  Post-movtera. 

The  body  is  covered  with  a  number  of  blebs  containing 
purulent  fluid.  No  bedsores.  The  lymphatic  glands  are 
generally  enlarged. 

On  opening  the  body  no  increase  of  pleural,  pericardial,  or 
peritoneal  fluid  is  found. 

Brain. — The  sub-arachnoid  fl.uid  is  increased,  giving  a  dull 
ground  glass  appearance.  The  superficial  vessels  are  injected. 
The  appearance  is  typical  of  a  sleeping  sickness  brain.  The 
cerebro-spinal  fluid  was  inoculated  into  broth  and  agar  tubes, 
and  a  pure  culture  of  diplococci  was  obtained. 

Heart. — Normal ;  a  culture  in  broth  and  agar  from  the 
blood  in  this  organ  gave  a  pure  culture  of  diplococci. 

Lungs. — Both  normal. 

Spleen. — Slightly  enlarged,  no  pigmentation. 
Kidneys. — Both  rather  pale. 

Glands. — The  juice  of  the  lymph  glands  examined  under  the 
microscope  showed  the  presence  of  diplococci ;  no  living 
trypanosomes  were  seen,  but  structures  which  were,  probably, 
broken  down  trypanosomes. 

Remarks. — This  case  is  of  interest  as  showing  that  the 
invasion  of  tissues  of  this  patient  by  the  diplococcus  must  have 
occurred  just  before  death,  being  merely,  therefore,  a  terminal 
invasion  and  standing  in  no  causal  relation  to  the  disease  in 
this  case.  The  lymph  juice  examined  on  March  1 7  showed  the 
presence  of  active  trypanosomes,  but  not  of  cocci,  although 
cultures  were  made  from  the  glands :  the  examination  of  the 
glands  post-mortem,  eight  days  later,  showed  the  presence  of 
streptococci.  The  heart's  blood  and  cerebro-spinal  fluid  also 
contained  these. 


Case  ^  Abimkrika  (Male).   Age  22  years. 

February  27,  1904.  Patient  was  admitted  to  hospital.  He 
has  general  enlargement  of  the  lymphatic  glands.  Facial 
expression  is  dull.  There  are  tremors  both  of  tongue  and 
hands. 

March  6.    The  facial  expressioii  is  duller  than  before. 

March  18.  Three  superficial  glands  were  excised  from  the 
right  posterior  triangle  of  neck.  Two  enlarged  glands  were 
also  removed  from  the  left  femoral  region. 

Cultures  made  from  the  jtiice  in  broth  and  agar  remained 
quite  sterile. 

April  21.  A  gland  in  the  left  post  triangle  was  punctured — 
the  juice  examined  microscopically  showed  active  trypano- 
somes, but  no  streptococci. 

May  15.  The  facia)  expression  is  now  very  dull.  The  gait 
is  very  uncertain.  Heart  sounds  are  weak.  There  are  general 
tremors  of  the  body.  The  appetite  is  good.  The  pulse  is  86  ; 
tension  low.    Patient  is  passing  into  the  third  stage. 

May  27.    The  patient  is  distinctly  in  the  third  stage.  He 
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walks  with  difficulty.  The  heart  sounds  avo  very  weak.  The 
tremors  of  the  body  are  veiy  marked. 

Juue  4.  Tlie  glauds  in  the  left  posterior  triangle  of  neck 
were  punctured.  The  juioe  was  cultivated  in  tubes  of  broth 
and  agar.  The  examination  of  the  juice  under  the  microscope 
shows  a  considerable  number  of  active  tiypanosomes  to  be 
present,  also  a  very  large  number  of  round  bodies,  larger  than 
cocci,  which  strain  blue  by  Leishman's  method,  with  occasional 
chromatin  dots.    No  diplococci  ai'e  present. 

June  5.  The  broth  and  agar  cultures  of  the  lymph  juice 
are  sterile. 

The  following  chart  represents  the  course  of  the  disease  : — 
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The  following  table  shoves  the  result  of  enumeration  of  the 
blood  cells,  the  presence  or  absence  of  diplocoeci  and  trypano- 
somes  from  the  lymphatic  glands,  blood  and  cerebro-spinal 
fluid :— 
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Parasites  in 
C.S.F. 

Tryp. 

+  ::;:::: 

a, 

m 
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•♦J 
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Parasites  in 
blood. 

Tryp. 

:     1      .      1      1      1     +  1 

Mai. 

:     1      1      1      1      1      1  1 

Fil. 

:     1      1      1      1      1      1  i 

Pai'asites  in 
glands. 

H 

:     +      :     +     .:      i     +  + 

Strept. 

i    1     i    1     :    :    1  + 

:      :      :          o    o  o 

00     OS     00     o  : 

Percentages. 

:     o     Tfi     CO     00     o  w 
1— 1  1— 1     rH          rH  : 

L.M. 

:     CO     «)     lo     eo     00  00 
■—1  1— 1           oi     CO  : 

S.M. 

00        00        >0        rH  |-~ 
(M       lO       Tt<        CM       CM       (M  : 

P.N. 

:       O       CM       05                  lO  CM 

•o     CM     G-i     CM     CO     CO  : 

W.B.C. 

... 

8,600 
15,600 
13.900 
13,700 

9,370 
10,000 

RB.C. 

... 

5,200,000 
5,300,000 
5,000,000 
5,000,000 
5,300,000 

Date. 

1904. 

Feb.  27   

March  19   

April  11   

21   

May  10   

„  31   

June  4   

»  11   
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June  11.    Died.  Post-mortem. 

The  body  is  somewhat  emaciated.  Tiiere  is  general 
enlargement  of  the  superficial  lymphatic  glands.  Sores,  due  to 
jiggers,  are  present  in  both  feet.  The  pupils  are  equal  and 
normal.  On  dividing  the  abdominal  wall  above  the  pubis  a 
large  mass  of  yellow  jelly-like  m.aterial,  which  infiltrates 
between  the  layers  of  muscles,  is  seen.  This  material  under 
the  inicroscope  did  not  show  active  trypanosomes.  There  is 
no  increase  of  fluid  in  the  pleural,  pericardial,  or  peritoneal 
cavities. 

Bi'ain. — On  removing  the  calvarium  and  reflecting  the 
dura  mater  some  increase  of  sub-arachnoid  fluid  is  noticed,  giving 
a  dull  appearance  to  the  membranes,  especially  towards  the 
base  ;  spinal  cord  with  roots  and  ganglion  removed,  along  with 
portions  of  the  brain  and  glands  for  minute  study. 

Heart. — Rather  pale,  otherwise  healthy.  Cultures  from  the 
blood  of  this  organ  made  in  broth  and  agar.  Both  showed  a 
pure  growth  of  a  cocco  bacillus,  probably  B.  coli. 

Lungs. — Nothing  noteworthy. 

Liver. — Congested,  otherwise  nothing  noteworthy. 
Spleen. — Shows  old  ]Devisplenitis  ;  it  is   enlarged,   and  ou 
section  is  seen  to  be  pigmented. 
Kidneys. — N  othing  noteworthy. 

Glands. — All  the  groups  of  glands  are  markedly  enlarged, 
those  in  the  femoral  region  especially  so.  In  the  left  femoral 
region  the  glands  show  small  pomts  of  suppuration — no  points 
of  suppuration  in  the  cervical  or  other  glands.  The  abdominal 
glands  are  markedly  enlarged  and  congested  on  section. 

The  juice  from  the  cervical  glands  was  inoculated  into  tubes 
of  broth.  The  microscopic  examination  showed  no  active 
trypanosomes  or  diplococci,  but  some  modified  trypanosomes 
were  seen  in  the  stained  preparations.  No  growth  could  be 
obtained  from  the  juice  of  the  cervical  glands  in  broth. 

Remarks. — This  case  is  of  interest  as  showing  that  the 
diplococcic  invasion  was  not  general :  the  heart's  blood 
post-mortem  showed  an  invasion  by  B.  coli  communis  and 
no  diplococci.  The  diplococcic  invasion  was  very  localised, 
being  limited  to  the  left  femoral  group  of  glands  which  showed 
points  of  suppuration.    The  other  groups  showed  no  cocci. 

Case  69,  Wasiwa  (Male).    Age  18  years. 
V.V. 

January  1,  1904.  He  presents  the  usual  features  of  the 
second  stage  of  sleeping  sickness.  He  is  well  nourished. 
Thei'e  is  general  enlargement  of  superficial  lymphatic  glands. 
There  is  marked  tremor  of  tongue.  The  facial  expression  is 
dulled. 

February  28.  The  general  condition  of  the  patient  shows 
no  noteworthy  alteration. 

March  2(5.  Lymphatic  glands  were  removed  to-day  from 
the  left  posterior  triangle  of  neck  and  from  right  femoral 
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i-egion._  Both  the  g-Iauds  contained  active  tiypanosomes. 
Tlieve  is  some  oedomatons  swelling-  of  the  feet. 

May  15.  The  expression  of  face  is  now  very  dnll.  The 
tremor  of  his  tongue  is  marked.  The  appetite  is  good.  The 
heart  sounds  are  normal.  Pulse  84,  tension  low.  Itchina-  of 
skin  is  present. 

May  27.  The  general  condition  shows  no  noteworthy 
change. 

June  26.  The  patient  is  getting  gradually  weaker.  He  is 
now  in  third  stage  of  this  disease. 

June  30.  The  patient  is  now  completely  bedridden.  A 
lymphatic  gland  was  excised  from  the  right  posterior  triangle 
of  the  neck.  The  juice  Avas  found  to  contain  active  trypano- 
somes.  Cultures  were  made  in  agar  and  in  broth:  both 
remained  sterile. 

The  chart  shows  the  course  of  the  disease  : — 
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The  following  table  shows  the  result  of  enumeration  of  the 
blood  corpuscles,  the  percentage  of  hsemoglobin,  the  presence 
or  absence  of  streptococci  and  trypanosoraes  in  the  lymphatic 
glands,  blood  and  cerebro-spinal  fluid  :  
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Parasites  in 
C.S.F. 
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Percentages. 

^     o     00           r-<  : 

1  1 
S.M.  i  L.M. 

00     OS     o           «5  : 

OS       05       O  • 
CN       ^                  ^       CO  • 
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OS       CO       lr~       00       (N  : 
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Date. 

1904. 

March  25   

April  19   

June  8   

»  30   

July  16   

„  22   
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July  22:    Patient  died.  Post-mortem. 

The  body  is  very  well  nourished.  General  eidargemeut  of 
superficial  lymphatic  gla nds.  Jiggers  in  both  feet.  The  Avound 
on  right  side  of  neck  is  not  completely  healed. 

No  increase  of  fluid  in  the  pericardial,  pleural,  or  peritoneal 
cavities. 

Brcdn.~On  removing  the  calvarium  and  reflecting  the  dura 
mater,  It  is  seen  that  the  siib-arachnoid  fluid  is  increased,  giving 
a  ground  glass  appearance  to  the  membranes,  the  superficial 
vessels  are  injected.  The  ventricles  are  dilated  and  there  is  an 
increase  of  fluid  m  them.  The  spinal  cord  presents  no  note- 
worthy naked-eye  change.  Portions  of  the  brain  and  spinal 
cord  were  preserved  for  minute  examination.  A  culture  was 
made  from  the  cerebro-spinal  fluid  in  broth.  This  remained 
sterile. 

Heart.— Under  the  endocardium  of  the  left  ventricle  several 
petechia  are  seen  to  be  present.    The  muscle  substance  is  pale. 
A  culture  m  broth  fi-om  the  heart's  blood  remained  sterile 
Lunffs.— Right  is  congested,  left  is  healthy. 
Ziver.— Shows  a  condition  of  advanced  chronic  venous 
congestion,  with  fatty  changes  at  the  periphery  of  the  lobules. 

There  is  some  periplenitis ;  organ  is  somewhat 
enlarged,    it  is  pigmented  on  section. 

mdneys.—Both  show  early  chronic  venous  congestion. 
_  Glands.~A\l  the  groups  are  enlarged.  The  femoral  shows 
points  of  suppuration  (from  the  sores  in  feet).  No  points  of 
suppuration  in  the  cervical  glands.  A  culture  in  broth  from  a 
gland  in  the  left  posterior  triangle  remained  sterile.  Smears 
from  the  cervical  glands  showed  no  diplococci.  Thev  are 
present  m  the  femoral  glands. 

_  Eemarh.— This  case  again  is  one  of  pure  trypanosome 
infection.  Streptococci  were  only  present  in  the  enlarged 
femoral  glands,  having  obtained  entrance  by  the  jigger  sores. 

Case  09  Kiroxgo  (Male).   Age  40  years 
W.W. 

March  23,  1904.  The  patient  looks  an  old  man.  He  has 
very  distinct  general  enlargement  of  lymphatic  glands.  Thero 

normaf "  Pulse  1.2o'    'v^'f  '^eart  sounds  a.e 

v^^lTf     -^'T  ^20,  weak.    Appetite  is  good.    The  glands  in  the 
nght  femoral  '•egion  andalsom  the  left  posterior  triangle  of  neck 
were  punctured  and  in  both  active  trypanosomes  w?re  found 
No  diplococci  could  be  detected  microscopically.    Cultures  in 
broth  from  the  gland  juice  remain  sterile.  ^      ^  ^ 

May  15.    The  wounds  in  the  neck  and  femoral  region,  which 

jlgge^s^jrbot'fee't'^^         ^^"^^^^^^^^  '^^^^^^  "P"  ^^^^^ 
W^^9   '^i'l!  i«        passing  into  the  third  stage. 

He  is  definLl.  ,  P^^^^"*  pronounced. 

^iT        ^         ^^"'^  stage. 

(7390)    '''"^  ""^^'^  ^^"""'^     ^^'^  ^'^"^^^ 
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The  following  table  shows  the  result  of  enumeration  of  the 
blood  corpuscles,  the  percentage  of  hasmoglobin,  the  presence 
or  absence  of  diplococci  and  trypan psomes  in  the  lymph  glands, 
blood  and  cerebro-spinal  fluid  : — 
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.luiie  16.    Pcitient  died.  Post-niortem. 

Tliei'e  is  a  general  enlargement  of  superficial  lymphatic 
glands.  Sores  in  both  feet  due  to  jiggers.  There  is  not  much 
emaciation.  The  pupils  are  equal  and  normal.  No  increase  of 
fluid  in  the  pler;ral,  pericardial,  or  peritoneal  cavities. 

Brain. — On  removing  the  calvarium  and  reflecting  the  dura 
inater  the  sulci  are  seen  to  be  filled  up  with  a  turbid  exudation. 
The  superficial  vessels  are  iujected.  Towards  the  base  of  the 
brain  the  exudation  is  more  marked.  The  lateral  ventricles  are 
dilated  and  there  is  an  increase  of  cerebro-spinal  fluid.  The 
spinal  cord  shows  uothing  noteworthy.  Portions  of  the  nervous 
system  removed  for  further  examination. 

The  exudation  examined  microscopically  shows  the  presence 
of  diplococci ;  a  culture  made  in  broth  and  agar  showed  a  fine 
growth,  probably  pneumococcus. 

Heart. — Old  endocarditis  of  mitral  valve  present,  otherwise 
nothing  noteworthy.  A  culture  in  broth  from  the  blood  of  this 
organ  was  made  and  showed  the  presence  of  the  bacillus  coli 
communis. 

Ziungs. — Both  apparently  healthy. 

Liver. — Adherent  in  places  to  diaphragm.  On  section  it 
shows  a  condition  of  chronic  venous  congestion  Avith  commencing 
cirrhosis. 

Spleen. — Somewhat  enlarged  and  very  markedly  adherent 
to  siuTOunding  parts.    The  capsule  is  thickened. 

Kidneys. — Both  show  a  condition  of  chronic  venous  con- 
gestion. 

Glands.  —  Deep  cervical  and  suboccipital  are  markedly 
enlarged.  They  Avere  removed  along  w'ith  cervical  nerves  for 
minute  investigation. 

Remarks. — This  case  is  of  interest  as  showing  that  although 
the  patient  was  in  a  late  stage  of  the  disease  at  the  time  of 
examination  no  diplococci  were  present  in  the  glands,  but  many 
active  trypanosomes  were  found.  On  post-mortem  examination 
a  diplococcus  w^as  observed  in  the  exudation  in  the  brain.  This 
must  have  occurred  at  a  late  stage  of  the  disease,  Avhen  the 
patient  was  practically  raoiibund. 

Case  69  xx.   Zumageza  (Male).    Age  18  years. 

April  9,  190-1.  Admittsd  into  hospital,  sent  by  Dr.  J.  H. 
Cook,  Patient  presents  a  markedly  dull  facies  and  tremors  of 
tongue  ;  lymphatic  glands  are  generally  enlarged.  He  has  a 
chronic  synovitis  of  right  wrist.  A  gland  in  the  left  posterior 
triangle  of  neck  was  punctured  and  the  juice  examined  micro- 
scopically showed  active  trypanosomes;  no  streptococci  could 
be  seen  in  stained  films  of  the  juice.  10  c.c.  cerebro-spinal  fluid 
placed  in  broth  ;  it  remained  sterile. 

April  20.    Punctured  cervical  glands  again. 

April  30.  Patient  is  getting  distinctly  worse  and  is  in  the 
third  stage  of  the  disease. 

May  8.    Died  to-day. 
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The  following  chart  represents  the  course  of  the  disease  :— 


DATE 
1904 


APRIL. 


MAY 


8  9  '0  "  '2  '3  14  IS  16  17  18  19  20  21  Z2g3  242526  272B  29  30  12  3  4  5  6  7  8 


IPULSE 
RESP. 


72  72  62  8072  1086072  72  65  72  76 72  80  72  80 72  6072  72  6084  727860 56606072 
20  14  12  16  14-  12  14  12  12  16  14  12  |4  14  16  18  12  12  14  16  12  24  16  1814  12  12  12  14  |4 


The  following-  table  shows  the  iDreseuce  or  absence  of 
trypanosomata  and  streptococci  in  the  blood,  lymphatic  glands, 
and  cerobro-spinal  fluid,  also  the  results  of  the  red  and  white 
blood  corpuscles : — ■ 
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Mav  8.  Post-njortem. 

The  body  is  not  emaciated,  there  is  general  enlargement  of 
the  superficial  lymphatic  glands.  Right  wrist  is  swollen  and 
there  is  a  fistulous  opening  over  the  ulna  leading  down  to  bone. 
On  exposing  the  joint,  the  articular  surface  of  the  ulna  and 
sarpal_  bones  were  seen  to  be  eroded  and  ulcerated.  The 
synoA^al  membrane  was  in  a  jelly-like  condition.  On  opening 
the  body  there  was  no  increase  of  fluid  in  the  pleural,  peri- 
cardial or  peritoneal  cavities. 

Brain. — Some  increase  of  sub-arachnoid  fluid.  The  pia  mater 
looks  Hke  ground  glass  and  the  sulci  are  filled  with  fluid.  Tliere 
IS  some  injection  of  the  superficial  vessels.  Spinal  cord  shows 
nothing  noteworthy  to  the  naked  eye.  Portions  with  roots  and 
ganglion  attached  as  well  as  parts  of  the  brain  and  glands  were 
removed  for  minute  investigation. 

Heart  and  Lungs.— ]<^othing  noteworthy,  naked  eye. 

Liver. — Shows  congestion. 

>S/)Zem.— Enlarged,  pigmented  and  firm  on  section. 

Glands.  — CevYical  and  suboccipital  were  markedly  enlarged 
and  _  congested.  They  formed  a  continuous  chain  from  the 
cranium  to  the  thorax  following  the  course  of  the  main  vessels, 
bmali  points  of  suppuration  are  seen  on  section.  Examined 
microscopically  the  lymphatic  glands  are  seen  to  contain  diplo- 
cocci  and  broken  down  trypanosomes. 

_  This  is  an  ordinary  case  of  sleeping  sickness.  It 

18  of  interest  to  note  that  when  juice  from  the  enlarged  glands 
ot  the  neclv  was  examined  less  than  a  month  before  death,  when 
the  disease  was  in  its  last  stage,  the  only  parasites  seen  to  be 
present  were  trypanosomes ;  no  streptococci  were  observed  at 
that  date.  However,  18  days  later  minute  points  of  suppuration 
were  found  in  the  glands,  and  diplococci  invaded  the  tissues 
probably  just  before  death  and  could  have  played,  therefore 
no  part  m  the  causation  of  the  symptoms  which  are  met  with 
m  an  advanced  case  of  sleeping  sickness. 


Case  _  TJsmani  (Mat.k).   Age  20  years. 

April  25,  1904.  Admitted  to  hospital.  Glands  in  the  right 
anterior  tnangle  of  neck  were  punctured 

^Vk  pmcticaliy  bed-ridden,  being  unable  to 

walk.  _  The  superficial  glands  are  generally  enlarged.  The 
focies  18  dull  and  heavy.    He  sleeps  frequently.    The  glands 
were  punctured  m  the  right  anteriof-  triangle  of  neck.    10  c  c 
cerebro-spmal  fluid  placed  in  broth  ;  it  remained  sterit.  ' 

sleeps  LnstanTly!  "         ^"  ""^"^'"'"^ 

The  following  chart  represents  the  course  of  the  disease :— 
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DATE 
1904 


APRIL.  MAY 

262728  2930  I  23'»567a9 


10  II  12  13  14  15  16  17  18  19  20 


PULSE  78  84  72  72  72  62  78  72  65  72  72  60  60 
RESP.  16  20  20  14  16  20  20  14  16  14  16  14  12 


72  62  74  54  70 
14      IZ      14  12  12 


The  following  table  shows  the  result  of  the  enumeration  cf 
the  blood  cells  and  the  presence  or  absence  of  streptococci  and 
trypanosoma  in  the  lymphatic  glands,  blood,  and  cerebro-spinal 
fluid : — 
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May  19.    Died.  Post-mortem. 

The  body  is  somewhat  emaciated.  The  superficial  glands 
are  generally  enlarged. 

On  opening  the  body  there  is  no  increase  of  fluid  in  the 
pleural,  pericardial,  or  peritoneal  cavities. 

Brain. — On  removing  the  calvarium  and  reflecting  the  dura 
mater  some  increase  of  sub-arachnoid  fluid  was  noticed,  giving  a 
dull  appearance  to  the  membranes.  No  streptococci  were 
detected  in  film  smears.  Portions  of  brain  and  spinal  cord 
were  preserved  for  minute  investigation. 

Heart. — Nothing  noteworthy. 

Lungs. — Healthy. 

Liver. — Some  old  adhesions  over  the  surface  and  about  the 
gall-bladder,  on  section  nothing  noteworthy. 

Spleen. — Distinctly  enlarged ;  the  juice  examined  micro- 
soopically  showed  no  streptococci. 

Kidneys. — Both  normal. 

Lymphatic  glands. — Mesenteric  are  distinctly  enlarged.  The 
deep  cervical  are  markedly  enlarged  ;  on  section  to  the  naked 
eye  show  no  points  of  suppuration.  The  expressed  juice 
e.Kamined  under  the  microscope  in  the  fresh  and  stained 
specimens  showed  no  active  trypanosomes  in  the  former,  in  the 
latter  altered  trypanosomes,  but  no  streptococci  could  be  seen. 

Tiemarks. — The  examination  of  this  patient's  glands  about 
24  hours  before  death  showed  the  presence  of  active  trypano- 
somata,  but  no  streptococci.  Further,  in  this  case  an  investiga- 
tion of  the  juice  of  the  various  organs  post-mortem  showed 
that  the  sti-eptococci  were  not  present.  No  points  of  suppura- 
tion were  seen  on  section  of  the  glands.  This  was  a  case  of 
pure  trypan osoma  infection  from  first  to  last  with  no  terminal 
invasion.  The  red  blood  corpuscles  rose  in  this  case  to  5,600.000 
per  mm^.,  the  percentage  of  haemoglobin  to  110. 


Case  Masaxe  (Male).   Age  16  years. 

May  6,  1904.  Patient  admitted  to  hospital.  The  lymph 
glands'  in  the  right  posterior  triangle  of  neck  were  punctured 
and  juice  drawn  ofi.  10  c.c.  cerebro-spinal  fluid  placed  in 
broth  ;  it  remained  sterile. 

May  7.  Patient  hved  at  Buganga  near  Entebbe.  States  he 
has  been  ill  one  month.  On  examination  he  presented  a  dull 
facial  expression  with  tremors  of  hands.  The  lymphatic 
glands  were  generally  enlarged.  Pulse  88.  Heart  sounds 
noi-mal.    Spleen  slightly  enlarged.    Liver  not  enlarged. 

May  15.  The  patient  is  distinctly  in  the  thnd  stage  of  the 
disease'.  His  gait  is  ataxic.  Expression  of  face  is  very  dull. 
General  tremors  of  body  are  present. 

The  following  chart  represents  the  course  of  the  disease  : — 
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MAY. 
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The  following  table  shows  the  result  of  the  blood  corpuscle 
enumeration,  the  presence  or  absence  of  streptococci  or 
trypano8oma  in  the  glands,  blood  and  cerebro-spinal  fluid  :  
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May  24.    Died.  Post-mortem. 

The  body  is  not  much  emaciated.  The  superficial  glands, 
especially  iu  the  axilla,  are  distinctly  enlarged.  In  the  groin 
and  axilla  they  are  extremely  congested,  and  some  even  show 
small  areas  of  htBmorrhage,  though  no  points  of  suppuration  can 
be  seen  in  any  of  the  glands. 

On  opening  the  body  no  increase  of  fluid  in  pleural,  peri- 
cardial or  peritoneal  cavities  is  seen. 

Brain.— On  removing  the  calvarium  and  reflecting  the  dura 
mater  some  increase  of  sub-arachnoid  fluid  is  seen.  The  pia 
mater  has  a  ground-glass  appearance.  Some  injection  of 
superficial  vessels. 

Heart. — Nothing  noteworthy. 

Lungs.—Both  show  hypostatic  congestion  at  posterior 
surface. 

IJver. — Shows  early  cirrhosis. 

Spleen.— Shghtly  enlarged,  firm  on  section,  not  pigmented. 
Kiclneijs. — Both  healthy. 

Glands. — Culture  was  made  from  the  right  cervical  glands 
in  broth;  this  remained  sterile,  no  diplococci  could  be  seen 
under  the  microscope.  No  active  trypanosomes  were  seen,  but 
broken  down  forms  were  noted  in  the  stained  specimens. 

Remarks.— Thi^  was  a  fairly  active  case.  The  examination 
ol  the  lymph  juice  intra  vitam  on  May  6  shuwed  the  presence 
of  active  trypanosome,  but  no  streptococci. 

On  post-mortem  examinatif)n  of  the  glands  no  diplococci 
could  be  cultivated  from  the  cervical  glands,  altered  trypano- 
somes were  seen  in  the  stained  specimens. 

Sections  of  the  various  organs  were  made  and  stained  for 
micro-organism  ;  no  diplococci  or  other  bacteria  were  observed. 
This  was  a  case  of  pure  trypanosoma  infection. 


Case  C9  F.V.   Hamisi  (Male).   Age  12  years. 

May  5,  1904.  The  patient  was  admitted  into  hosijital  to- 
day. ^ 

May  7.  He  states  that  he  has  been  sick  for  about  one 
month.  He  lives  in  a  shamba  near  the  Lake  close  to  Entebbe 
His  food  IS  bananas  and  potatoes.  He  had  headache  at  the 
beginmng  of  the  flluess.  He  presents  now  a  heavy  dull  facial 
expression.  No  tremor  of  hands-shght  tremor  of  tongue. 
Ihe  knee  jerks  are  normal,  no  ankle  clonus.  The  superficial 
lymphatic  glands  are  generally  enlarged.    His  pulse  is  108. 

JrJeart. — bounds  normal. 

Lungs. — Normal. 

Liver. — Is  not  enlarged. 

'Sp/een.— Extends  to  the  costal  margin. 

May  15.  The  general  condition  shows  no  alteration.  He  is 
somewhat  excited. 

the  SasI'    ^^^^  ^""^'^''^      distinctly  in  the  second  stage  of 
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June  12.  The  gait  is  now  uncertain  and  halting.  His 
facial  expression  is  markedly  dull — otherwise  no  noteworthy 
alteration  in  the  condition  of  the  patient. 

June  23.  The  general  condition  of  patient  shows  marked 
signs  of  deterioration. 

July  12.  _  The  patient  is  distinctly  in  the  third  stage  of  the 
disease  and  is  completely  bedridden.  "  The  lymphatic  glands  in 
left  posterior  triangle  were  punctured  and  tubes  of  broth  and 
agar  were  inoculated ;  both  remained  sterile.  The  juice 
contained  many  active  trypanosomes.  A  drop  of  the  juice  was 
mixed  with  an  equal  quantity  of  1:1,000  solution  ASjO,. 
The  trypanosomes  ceased  moving  at  the  end  of  12  minutes, 
although  those  in  the  control  continued  actively  motile. 

The  following  chart  shows  the  course  of  disease  : — 
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The  following  table  shows  the  results  of  the  enumeration 
of  the  blood  corpuscles,  the  percentage  of  hEemoglobin,  the 
presence  or  absence  of  trypanosomes  and  streptococci  in  the 
glands,  blood  and  cerebro-spinal  fluid : — 
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July  24.    Patieut  died.  Post-inovtem, 

The  body  is  markedly  emaciated.    Jiggers  present  in  both 
feet  and  hands.    The  pupils  are  equal  and  normal. 
.     There  is  no  increase  of  fluid  in  the  pericardial,  pleural  or 
j3eritoneal  cavities. 

Brain. — On  removing  the  calvariuni  and  reflecting  the  dura 
mater,  the  convolutions  are  seen  to  present  the  usual 
appearance  of  a  sleeping  sickness  brain.  The  sub-arachnoid 
fluid  is  considerably  increased,  giving  the  usual  ground  glass- 
like appearance  to  the  memlDrane.  This  is  more  marked 
towards  the  base.  The  superficial  vessels  are  injected.  The 
lateral  ventricles  are  dilated.  The  substance  of  the  brain 
shows  points  of  congestion  thi-oughout  the  white  matter. 
Portions  of  brain,  spinal-cord  nerve  roots  and  nerves  removed 
for  further  examination.  A  culture  in  broth  from  the  cerebro- 
spinal was  made,  which  showed  a  pure  growth  of  diplo- 
streptococci. 

Heart. — Pale  and  flabby,  all  the  cavities  are  dilated.  A 
oultiu-e  in  broth  from  the  heart's  blood  was  made,  which  showed 
a  pure  growth  of  diplo-streptococci. 

Lungs.— Left  is  adherent  throughout  the  whole  extent. 
The  adhesions  are  fairly  easily  broken  down,  and  are  of  fairly 
recent  date  ;  the  lung  is  partially  collapsed.  The  pericardium 
and  heart  are  partially  drawn  to  the  left  side.  The  right  lung 
is  normal. 

Liver. — Shows  a  condition  of  chronic  venous  congestion. 

Spleen. — There  is  some  old  perisplenitis  and  a  scar  across 
the  organ  nefir  its  centre.  On  section  the  substance  is 
congested  and  shows  0I4  malarial  pigmentation. 

Kidneys. — Both  show  early  chronic  venous  congestion. 

Glands. — AH  the  groups- are  enlarged  and  congested.  Both 
femoral  groups  show  points  of  suppiuvation.  In  the  left 
cervical  group  near  suboccipital  triangle  a  deeply  placed  gland 
shows  several  points  of  suppuration.  A  culture  was  made  in 
broth  from  a  gland  in  the  left  cervical  region  showing  no 
points  of  suppuration. 

Bemarks.—Thk  is  another  very  interesting  case.  Although 
the  gland  juice  was  examined  so  late  as  12  days  before  death 
no  streptococci  were  detected,  but  the  juice  contained  a  very 
large  number  of  active  trypanosoraes.  On  post-mortem 
examination  we  find  not  only  the  femoral  group  of  glands 
suppuratmg  but  also  the  deeply  placed  glands  in  the  neck  In 
this  case,  therefore,  the  invasion  by  the  diplococcus  was 
purely  terminal,  probably  it  gained  entrance  through  the 
many  suppurating  abrasions  occasioned  by  the  jiggers.  The 
vitality  of  the  patient  also  having  become  greatly  lowered, 
the  glands  nearest  the  seat  of  infection,  viz.,  the  femoral  and 
axillary,  were  unable  to  deal  with  the  germ,  and  so  it  became 
generauzed. 
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Case  69.  K.P.   Aroadi  (Male).    Age  -25  years. 

May  17,  1904.  The  patient  lives  at  the  Swahih  viUage, 
iiUtebbe.  He  has  been  headman  to  one  of  the  Indian  traders 
at  Entebbe.  He  is  at  present  a  prisoner.  He  states  he  has 
been  sick  for  six  months.  He  now  presents  a  dull  heavy  facial 
expression.  He  has  shght  tremors  of  the  tongue.  There  is  no 
headache  or  itching  of  the  skin.  The  pulse  is  100  ;  tension 
fair.    His  superficial  lymphatic  glands  are  generally  enlarged. 

_  May  27,  Opened  a  small  abscess  at  root  of  toes  of  left  foot 
His  general  condition  is  unchanged. 

June  1.  A  gland  in  the  left  posterior  triangle  of  neck  was 
punctured.  The  juice  contained  a  large  number  of  active 
trypanosomes.  Some  of  the  juice  was  planted  on  a  tube  of 
blood  agar  ;  this  remained  sterile.  He  is  in  the  late  second 
stage  of  the  disease. 

July  14.  Patient's  condition  has  deteriorated  considerably. 
He  has  general  tremors  of  the  body,  and  the  facial  expression 
is  very  dull.  A  gland  in  left  posterior  triangle  of  neck  was 
punctured,  and  the  juice  was  seen  to  contain  active 
trypanosomes  in  very  large  numbers.  Tubes  of  broth  and 
agar  were  inoculated  from  the  juice.  Both  showed  a  pure 
culture  of  a  diplococcus  next  day. 

July  15.  The  tremors  are  now  general,  but  more  marked 
on  the  right  side  of  the  body.  His  speech  is  very  indistinct. 
He  does  not  complain  of  pain.  The  knee  jerks  are  both 
present  but  somewhat  diminished.  Ankle  clonus  is  present. 
Heart  sounds  are  normal,  no  bruit. 

July  19.  The  patient  is  now  unable  to  speak.  The  tremors 
are  well  marked.    He  is  considerably  emaciated. 

July  21.  The  patient  is  now  practically  moribund.  Jiggers 
present  in  both  feet. 

The  following  chart  shows  the  course  of  the  disease : — 
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19  0^  17  18  19  20  21  222J  24  25  26  27  28  29  30  3 1  I    2  3   4  5  6  7   8  9  iO  II  12  13  14  15  16 

105  I    I    I    I    I    I    I    I    I    I    I    I    I    I    I    I   I    I    I    I    I   I    I    I    I    I    I  I 

104  


PULSE  96  84  104 lOOIOSieO  108  96  SI-  96  92  104  96  84  78  96 100 88 104 1 12 104  84  96 102 108 9G 100 108 96  84 
RESP.  24  20  22  20  24  26  28     20  22  2416  242020  16  22  2424  20  26  22  20  24  22  26  24  24  26  24  20 


243 


DATE 
1904 


105 
104 
f03 
102 
10  I 
100 
99 
98 
97 
96 


JUNE.  JULY. 

17  rs  I9  2O2I222J2425262728  29J0  12  3  4  5  6  7  8  9  10  II  12  13  14  15  16  17 


t 


z 


PULSE 
RESP. 


96  88  96  8484-74  96  80  78  96  104  92  80  96  84  104  78  84  84  74  80  84  9294  84  72  84  96  74  78  74 
22  24  22  20  18  16  22  18  16  22  20  18  14  24  2022  20  22  16  18  16  20  16  24  18  16  18  16  16  18  20 


DATE 

JULY. 

1904 

18  19  20212223  242526  27  28 

105 

104 

103 

102 

10  1 

o 

100 

bJ 

99 

n 

98 

97 

/ 

k 

\ 

96 

95 

94 

93 

1 

92 

9  1 

PULSE 

70729076 

60 

64 

60 

RESP. 

14  18  2014 

12 

12 

12 

The  following  table  shows  the  result  of  the  enumeration  of 
the  blood  corpuscles,  the  percentage  of  htemoglobiu,  the 
presence  or  absence  of  diplococci  and  trypauosomee  in  the 
glands,  blood,  and  cerebro-spinal  fluid  : — 
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Jiilv  27.  1904.    Patient  died.  Post-mortem. 

Tlio  body  is  that  of  a  well-built  man.    There  is  considerable 
emaciation.    The  pupils  are  -  equal   and   normal.    There   is ; 
general  enlargement  of  superficial  lymphatic  glands. 

There  is  no  increase  of  fluid  in  the  pericardia],  pleural  oit- 
peritoneal  cavities. 

J5mm; — On  removing  the  calvarium  and  reflecting  the  dur 
mater,  the  superficial  vessels  are  seen  to  be  infected.  .Thei-e  L 
an  increase  of  tbe  sub-arachnoid  fluid,  giving  a  grotiind' glass 
appearance  to  the  membranes.  The  ventricles  are  dilated 
The_  spinal  cord  presents  no  noteworthy  naked  eye  change. 
Portions  of  nervous  system  preserved  for  future  f3xamination. 

Heart. — All  the  cavities  are  dilated  ;  the  muscle  Avail  is  pale 
and  flabby.  There  are  no  petechiee  ;  a  tube  of  broth  inoculated 
with  the  blood  of  this  organ  showed  a  pure  culture  of 
diplococci. 

Lungs. — Both  normal. 

Liver. — !Some  fairly  recent  adhesions  between  the  hver  and 
the  _  diaphragm.  The  substance  shows  typical  nutmeg 
condition. 

Spleen.— -Some  fairly  recent  adhesions  and  old  perisplenitis. 
"On  section  it  is  congested,  and  shows  old  malarial  pigmentation. 
Kidneys. — Nothing  no te worthy. 

Glands. — There  is  very  marked  enlargement  of  the  cervical 
glands,  and  some  of  the  deep  ones  in  this  region  showed 
points  of  suppuration.  The  other  groups  of  glands  were  also 
markedly  enlarged;  a  tube  of  broth  was  inoculated  from  a 
gland  in  the  suboccipital  region,  and  showed  a  pure  culture  of 
diplococci. 

Stomach. — The  mucous  membrane  presented  a  curious 
condition,  it  was  studded  with  minute  haemorrhagic  areas  • 
these  areas  bad  a  dark  centre  of  altered  blood  and  a  peripheral 
zone  of  light  red;  there  were  also  a  few  larger  areas.  No 
ova  of  Bilharzia  were  seen  in  the  scrapings. 

Remarks. — This  is  an  interesting  case.  It  showed  during  its 
course  a  remarkable  number  of  trypanosomes  in  the  glands 
blood,  and  cerebro-spinal  fluid.  The  trypanosomes  were  found 
m  the  cerebro-spinal  fliiid  without  centrifuging.  Cultures  were 
made  from  the  lymphatic  glands  on  June  .1,  these  remained 
sterile :  very  many  active  trypanosomes  were  present  in  the 
juice.  On  July  14  cultures  made  from  the  lymphatic  glands 
showed  a  pure  culture  of  diplococci.  Here  again  we  had  a 
case  with  all  the  classical  signs  of  an  advanced  stage  of  the 
disease  at  the  date  of  examination  of  the  glands,  and  although 
many  trypanosomes  were  present,  no  diplococci  were  found 
Ihe  invasion  by  diplococci  did  not  occur  until  the  patient  was 
m  practically  a  moribund  condition.  The  number  of  red  blood 
corpuscles  rose  before  death  to  6,020,000  per  mm.»,  and  the 
percentage  of  hjemoglobin  at  the  same  time  rose  to  102  The 
condition  of  the  mucous  membrane  of  the  stomach  was 
very  interesting  in  this  case,  '  '  ' 
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The  following  photogi-aphs  show  the  enlargement  of  the 
lymphatic  glande  in  case  of  No.  69  ZN.  Arcacli  on  June  5, 
1904 : — 
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Case  237.    Sempagama  (Male).   Age  8  years. 

October  29,  1903.  Patient  admitted  to  liospital.  He  lives 
111  Entebbe  near  the  shore  of  the  Lake.  He  complains  of 
pains  all  over  his  body.  The  patient  presents  a  heavy  dull 
facial  _  expression,  and  his  voice  is  somewhat  weak. 
There  is  no  tremor  of  the  tongue  or  fingers.  The  knee  joints 
are  normal.  The  spleen  is  shghtly  enlarged.  The  pulse  is  84, 
weak.    The  heart  sounds  are  normal. 

December  29.  The  general  condition  is  now  more  marked. 
There  are  now  general  tremors  of  the  body. 

February  28,  1904.  The  patient  is  getting  thinner,  and 
generally  shows  signs  of  progressive  deterioration  of  health. 

March  2.  The  glandular  enlargement  is  general,  and  well 
marked. 

March  14.  A  gland  in  the  right  posterior  triangle  of  the 
neck  was  excised. 

May  27.  The  patient  is  now  extremely  emaciated.  He 
lies  doubled  up  in  bed,  a,nd  is  asleep  the  whole  day.  The  voice 
is  very  feeble. 

June  5.  The  patient  is  reduced  to  mere  skin  and  bone. 
The  glands  in  the  left  posterior  triangle  of  neck  werepimctured. 
The  juice  was  examined  microscopically,  and  cultures  on  agar 
were  made.  10  c.c.  cerebro-spinal  fluid  was  placed  in  broth  ; 
it  remained  sterile. 

The  following  chart  shows  the  course  of  the  disease  : — 
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The  following  table  shows  tlie  result  of  emimevation  of  the 
blood  corpuscles,  and  the  presence  or  absence  of  the 
trypanosoraa  and  diplococcus  in  the  lymphatic  glands,  blood 
and  cerebro-spinal  fluid. 
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Jiiiie  15.    Died  at  12.30  p.m.    Post-mortem  one  horn-  later. 

The  body  is  greatly  emaciated.  The  superficial  lymphatic 
glands  are  generally  enlarged.  The  pupils  are  equal  and 
noi-mal.  There  are  many  jiggers  in  both  feet.  There  is  no 
increase  of  fluid  in  pleural,  pericardial  or  peritoneal  cavities. 

Brain. — On  removing  the  calvarium  and  reflecting  the  dura 
mater  the  surface  of  the  left  hemisphere,  corresponding  to  the 
parietal  eminence,  is  seen  to  be  covered  with  a  clot  of  blood, 
no  fracture  of  calvarium  was  present.  There  is  some  increase 
of  sub-arachnoid  fluid.  The  pia-mater  had  the  usual  ground 
glass  appearance.  On  section  nothing  noteworthy  was  observed. 
fSpinal  cord  showed  nothing  noteworthy  to  the  naked  eye. 
Portions  of  the  brain,  spinal  cord,  ganglia  and  nerves  preserved 
for  minute  investigation.  The  cerebro-spinal  fluid  was  examined 
one  hour  after  death,  and  contained  active  trypanosomes. 

Heart. — Showed  nothing  noteworthy.  The  blood  from  this 
organ  was  examined  microscopically  and  many  trypanosomes 
were  present.  A  culture  in  broth  and  agar  was  made  from, 
the  heart's  blood;  these  showed  a  growth  of  Bacillus  coli 
communis. 

Lungs. — Some  old  adhesions  over  the  lower  lobe  of  both 
lungs,  otherwise  nothing  noteworthy. 
Live7\ — Appears  healthy. 

Spleen. — Considerably   enlarged ;   shows  old  perisplenitis, 
with  thickening  of  capsule  ;  the  substance  is  pigmented. 
Kidneys. — Nothing  noteworthy. 

Glands. — There  is  considerable  enlargement  of  the  abdominal 
glands  and  those  in  the  cervical  region.  The  femoral  group 
were  markedly  enlarged  and  showed  points  of  suppuration. 
The  axillary  gToup  were  also  enlarged,  but  showed  no  points  oi 
suppuration.  A  culture  was  made  from  a  group  of  enlarged 
glands  in  the  left  cervical  region  in  broth ;  this  remained 
sterile. 

Remarks. — This  case  was  a  very  chronic  one.  The  trypano- 
somes were  present  in  considerable  numbers  in  the  gland  juice; 
they  wexe  also  seen  in  films  of  the  peripheral  blood.  There 
was  a  remarkable  increase  of  the  total  leucocytes  before  death. 
No  diplococci  could  be  determined  in  the  lymph  juice  intra 
vitam  nor  in  the  heart's  blood  or  glands  post-mortem.  The 
terminal  invasion  was  in  this  case  Bacillus  coli  conmwiis. 
This  must  have  occurred  dm-ing  life,  as  the  post-mortem  Avas 
made  within  an  hour  of  death. 


Case  69  Z.D.   Usmani  (Malr).    iVoE  14  years. 

May  25,  1904.  Patient  comes  from  Usoga.  He  has  been 
working  as  a  boy  in  Entebbe.  There  are  tremors  of  hands  and 
body  generally.  He  is  not  able  to  stand.  The  lymphatic 
glands  are  generally  enlarged.  Facial  expression  is  markedly 
dulled.  Heart  sounds  normal.  Pulse  is  76.  Liver  and  spleen 
are  enlarged.  The  glands  in  left  posterior  triangle  were 
punctured  and  living  trypanosomes  obtained.    The  exammation 
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of  the  eerebro-spinal  fluid  showed  the  preseuce  of  disiutegm- 
tiug  trypauosomes  as  well  as  actively  motile  one.  The  fluid 
contained  670  corpuscles  per  mm.",  all  being  mono-nuclear. 

May  27.  The  appetite  is  good.  Patient  is  excited  at  times 
and  sleeps  a  good  deal. 

June  12.  The  general  condition  is  unchanged.  The 
appetite  is  good. 

June  25.    Foi-  the  last  few  days  patient  has  shown  very 
marked  nervous  symptoms.    There 'is  general  ti-enior  of  body 
He  IS  praccically  moribund.    The  glands  in  the  left  posterior 
triangle  of  neck  punctured;  the  juice  examined  microscopically 
shows  diplococci.    Culture  in  broth  also  shows  diplococci. 

The  follo^viiig  chart  shows  the  course  of  the  disease  :— 
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The  following  table  shows  the  result  of  enumeration  of  the 
blood  corpuscles,  the  percentage  of  haemoglobin  and  the 
presence  or  absence  of  diplococci  and  trypaifosomes  i  the 
blood,  lymphatic  glands  and  cerebro-spinal  fluid  •— 
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June  26.    Patient  died  at  12  noon.  Post-mortem. 

Tlie  body  is  not  markedly  emaciated.    Jiggers  in  "both  feet. 
1  he  pupils  are  equal  and  normal. 

There  is  no  increase  of  fluid  in  the  pericardial,  pleural  or 
peritoneal  cavities. 

On  removing  the  calvarium  and  reflecting  the  dura  mater 
some  flattening  of  the  convolutions  is  noticed.  The  sub- 
arachnoid fluid  is  increased  and  the  pia  arachnoid  has  the 
usual  ground  glass  appearance.  The  superficial  vessels  are 
injected.  The  spinal  cord  to  the  naked  eye  presents  nothing 
noteworthy.  Portions  of  brain,  spinal  cord,  nerve  roots,  gang- 
lion, nerves  and  lymphatic  glands  of  neck  removed  for  minute 
investigation.  A  culture  from  the  cerebro-spinal  fluid  shows 
the  presence  of  a  diplococcus. 

Beart.~The  cavities  of  both  ventricles  are  dilated.  The 
muscle  IS  pale  and  flabby.  A  culture  from  the  blood  of  this 
organ  shows  the  presence  of  diplococci. 

Lungs.~The  light  is  very  adherent  throughout.  The  left 
nothmg  noteworthy. 

Liver.— Shows  a  condition  of  chronic  venous  congestion. 
Spleen.— Somewhat   enlarged   and  shows  chronic  venous 
congestion. 

Kidneys. — Both  show  chronic  venous  congestion. 

Lympluitic  glands.— m  the  groups  are  markedly  enlarged 
iJie  temoral_  group  shows  pohits  of  suppuration.  A  culture 
trom  glands  m  the  left  cervical  region  shows  the  presence  of  a 
dip  ococcus.  Smear  preparations  of  juice  show  the  presence  of 
diplococci  and  broken  down  trypanosomes. 

Remarks.— Th\%  case  is  of  interest  as  showing  that  there  was 
TJir^'^'r?^  ^  diplococcns  the  day  previous  to 

death  Ihe  earher  mvestigation  of  the  glands  on  June  19,  did 
not  show  the  presence  of  a  diplococcSs.  Here  we  ha;e  a 
trypanosome  mfection  with  the  production  of  all  the  si^ns  of 
the  disease.  At  a  later  period,  practically  in  the  death  Sgony, 
an  invasion  of  diplococci. 

Case  69  Z.K.   Msubika  (Female).    Age  7  years. 

June  10,  1904  Patient  lives  on  the  shore  of  Lake  near 
Entebbe.  She  states  that  she  has  been  ill  for  one  year  She 
has  been  sleeping  a  great  deal  and  complams  of  plin  in  the 
head.  She  pi-esents  a  dull  facial  expression.  ^Cl^^re  fV  rm 
movements  o  the  hands  are  present,  fhe  lymphatic  Xnds 
are  enlarged  m  the  femoral  reg'ion  and  groinsf  ^i^htW  fn  ?he 

August  10.  Ihe  patient  is  now  in  an  advanced  sta^e  of 
the  disease  and  is  completely  bedridden.  Genei^l  tr^nofs  of 
the  body  are  present     Emaciation  is  not  very  maiS  The 

ihe  folio wmg  chart  shows  the  course  of  the  disease 
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Tlie  folloAving  table  shows  the  result  of  the  enumeration  of 
the  blood  corpuscles,  the  percentage  of  haemoglobin,  the 
presence  or  absence  of  diplococci  and  trypanosomes  in  the  blood 
and  cerebro-spinal  fluid : — 
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August  12.    Patient  died.  Post-mortem. 

The  body  is  not  markedly  emaciated.  No  bedsores. 
Jiggers  m  botb  feet  and  hands.  The  supei-ficial  glands  are 
generally  enlarged. 

No  increase  of  fluid  in  the  pleural,  pericardial  or  peritoneal 
cavities. 

Brain. — On  removing  the  calvarinm  and  reflecting  the  dura 
mater,  the  surface  of  the  brain  presents  the  usual  appearance  of 
a  sleeping  sickness  case.  The  subai-achnoid  fluid  is  increased, 
giving  a  ground  glass  appearance  to  the  membrane. 

The  superficial  vessels  are  injected.  Portions  of  the  brain 
and  spinal  cord  removed  for  minute  examination.  A  culture  in 
broth  was  made  from  the  cerebro-spinal  fluid.  A  pure  culture 
of  diplo-streptococci  was  obtained. 

Heart.- — Normal.  A  culture  in  broth  was  made.  A  pure 
culture  of  diplo-streptococci  was  obtained. 

Lungs. — Right  is  adherent  throughout  and  the  lung 
substance  is  pale  and  airless.    Left  is  healthy. 

Liver. — Is  healthy. 

Spleen. — Slightly  enlarged,  on  section  it  is  pigmented. 
Kidneyfi. — Both  show  lobulation,  otherwise  nothing  note- 
worthy. 

I^ymphalic  glands. — In  groin  and  femoral  region  are  enlarged. 
The  deep  cervical  are  also  enlarged,  one  in  the  left  subaxillary 
region  snowed  sn\all  points  of  suppuration.  A  culture  on  agar 
from  the  gland  showed  the  presence  of  a  diplococcus. 

Bo7ie  mao^row. — -Removed  from  upper  end  of  left  humerus. 
No  noteworthy  alteration. 

Remarks. — This  case  again  shows  that  the  tissues  towards 
to  the  olose  of  life  were  invaded  by  pyogenic  cocci. 

Case  69  Suedi  (Male).    Age  35  years. 
'ZM. 

July  6,  1904.  Patient  states  that  he  has  been  sick  for 
3  months.  He  suffered  from  paius  all  over  his  body.  He  now 
shows  a  general  enlargement  of  the  supei-ficial  lymphatic  glands. 
He  has  now  no  pains.  There  are  no  tremors  of  tongue  or  hand. 
Pulse  134,  tension  fair.  He  appears  to  be  in  an  early  stage  of 
the  disease.  A  gland  in  the  left  posterior  triangle  of  neck  was 
punctured,  active  trypanosomes  were  present,  but  no  strepto- 
cocci in  the  juice.  . 

August  18.  He  has  been  getting  gi'adually  worse  and  is 
now  unable  to  walk  at  all. 

The  following  chart  shows  the  course  of  the  disease :— 
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August  22,  1904.    Patient  died  this  mornina-  at  4  a.m 
Post-morteni. 

There  are  jiggers  iu  both  feet.    The  body  is  not  emaciated. 
1  upils  equal  and  normal. 

There  is  no  increase  of  fluid  in  the  pericardial,  pleural  or 
peritoneal  cavities. 

^mi«._There  is  some  congestion  of  the  superficial  vessels 
1  here  is  not  much  increase  of  sub-arachnoid  fluid.  The  ventricles 
are  not  dilated.  Spinal  cord  shows  some  post-mortem  staining 
ot  the  membranes,  otherAvise  nothing  noteworthy.  Portions 
removed  for  minute  examination.  A  culture  on  agar  was 
made  Irom  the  cerebro-spinal  fluid. 

IIeart--The  muscle  substance  is  fairly  firm.  Both  posterior 
cusps  of  the  aortic  valve  show  a  condition  of  endocarditis  ;  on 
t  ie  right  there  is  a  fairly  recent  vegetation,  the  left  being 
slirunken  the  pulmonary  is  normal,  the  tricuspid  and  mitral 
valves  show  nothing  noteworthy.  A  culture  on  agar  was 
made  trom  the  blood  of  this  organ. 
Lungs. — Both  healthy. 

Xu-«-.— Presents  a  peculiar  condition.  The  right  lobe  is 
apparently  normal,  but  to  the  left  of  falciform  hgliment  the 
Jiver  tissue  stops  abruptly,  there  being  thus  no  left  lobe  The 
organ  is  preserved  for  further  investigation. 

Spleen.— mghtly  enlarged,  rather  soft,  friable  on  section 
On  microscopic  examination  the  pulp  was  seen  to  contain  many 
aiplo-streptococci.  •■' 

Lymphatic  r/lands.—There  is  general  enlargement  of  both 
superficial  and  deep  glands.    The  deep  cervical  shows  points  of 
suppuration,   the  pus  on   microscopic  examination  contains 
diplo-streptococci.    A  culture  on  agar  was  made  from  iuice 
,L-nW     !         this  case  there  was  a  general  invasion  by  a 
diplo-streptococcus  before  death.    There  was  also  a  recent  endo- 
carditis, probably  associated  with  the  general  infection.  The 
mvasion  must  have  occurred  at  a  stage  when  the  resisting  power 
of  the  patient  was  very  low  and  helped  the  fatal  termination 


Case _G9^iMAGEZA  (Male).   Age  14  tears. 
Z.N. 

T  i'^".^^  \y'  v^^'^'  Patient  was  admitted  into  the  hospital  on 
S  Vt    t  J^ntebbe,  on  the  shoie  of  the 

lake._  Pie  states  he  has  been  ill  for  six  months.  He  complai  s 
of  pams  all  ovei-  his  body.    He  now  presents  all  the  usual  sfgns 

dLor'%°r    f  'P;"^^  ^^'^  1^*^  «^°°^cl  stage  of  the 

disease.    1  he  facial  expression  is  very  dull.    The  voic?  is  weak 
and  monotonous.    Tremors  of  hanrl/  nnrl  +^,..     ^"iceis  weak 
rpur.         c  ■  1    1    Y"^"^^^^      nancis  and  tongue  are  present 
The  superficial  glands  are  generally  enlarged.    The  spleen  is 

tf^LTnXtt  "^pT  ^%r.-^l-g^cl.^  The  heartTo^id 
are  weak,  no  biuit.    Pulse  100,  tension  is  ow.    A  gland  in  the 
left  postenor  triangle  of  neck  was  punctured;  acti?nrypano! 
somes  were  present,  no  streptococci.  tijpano 
July  19.    The  patient  is  rapidly  deteriorating  in  his  general 
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condition  and  is  now  practically  bedridden  being,  in  the  last 
stage  of  the  disease.  A  gland  in  the  left  posterior  triangle  was 
punctured,  many  active  trypanosomes  were  present.  The 
blood  examined  by  films  showed  also  many  trypanosomes. 
Arsenious  acid,  15  milligrammes,  was  irijected  into  muscle  of  left 
gluteal  region. 

July  20.  The  glands  in  left  posterior  triangle  of  neck  were 
punctured,  no  active  trypanosomes  were  present.  Examination 
of  the  blood  by  films  also  showed  the  absence  of  trypanosomes. 
No  streptococci  in  the  glands. 

July  29.  The  examination  of  the  blood  of  this  patient 
showed  that  there  was  a  marked  increase  in  the  number  of  the 
red  corpuscles  and  the  percentage  of  hemoglobin.  The  specific 
gravity  was  1068.  1*5  litres  of  0*7 5  per  cent,  sodium  chloride 
solution  were  injected  subcutaneously  into  both  axillae  at 
12  noon.  The  examination  of  the  blood  at  3  p.m.  on  the  same 
day  showed  that  the  number  of  red  cells  had  fallen  from 
6,400,000  to  5,400,000,  and  the  percentage  of  hasmoglobin  from 
100  per  cent,  to  83  per  cent.,  and  the  specific  gravity  from 
1,068  to  1,065. 

August  5.  The  patient  is  now  practically  moribund.  The 
spleen  was  punctured.  Examination  of  the  blood  from  the 
spleen  showed  no  active  trypanosomes,  but  a  number  of  diplo- 
cocci  were  present,  also  a  few  nucleated  red  corpuscles. 

The  following  chart  shows  the  course  of  the  disease  : — 
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The  following  table  shows  the  result  of  the  enumeration  of 
the  blood  cells,  the  percentage  of  hsemoglobin  and  the  presence 
or  absence  of  trypanosomes  and  diplococci  in  the  lymphatic 
glands,  blood  and  cerebvo-spinal  fluid  : — 
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Aug-ust  7,  li)04.    Patient  died  iu  the  uiglit.  Post-mortem. 

The  bod}^  is  distinctly  emaciated.  Jiggers  in  both  feet. 
There  are  no  bed-sores.  There  is  general  enlargement  of 
superficial  lymphatic  glands. 

There  is  no  increase  of  fluid  in  the  pleural,  pericardial  or 
peritoneal  cavities. 

Brain. — There  is  some  increase  of  sub-arachnoid  fluid,  giving 
the  usual  ground  glass  appearance  to  the  membranes.  The 
superficial  vessels  are  mjected.  There  is  no  flattening  of  the 
convolutions.  The  ventiTicles  are  dilated.  The  spinal  cord  shows 
no  noteworthy  change.  Portions  of  brain,  spinal  cord,  nerves 
Avith  ganglion  and  roots  removed  for  minute  investigation.  A 
culture  in  bi'oth  of  the  cerebro-spinal  fluid  shoAvs  the  presence 
of  a  diplococcus. 

Heart. — Cavities  are  dilated,  the  muscle  wall  is  pale  and 
flabby,  otherwise  nothing  noteworthy.  A  considerable  number 
of  nucleated  red  blood  corpuscles  are  present  in  the  blood  of 
this  organ.  A  culture  in  broth  of  the  hearts  blood  shows  the 
presence  of  a  diplococcus. 

Lungs. — Left  shows  some  hypostatic  congestion  towards  its 
posterior  aspect  and  small  areas  of  collapse.  The  right  lung  is 
healthy. 

Liver. — Shows  a  condition  of  advanced  chronic  venous 
congestion. 

Spleen. — Is  enlarged  and  congested,  a  film  from  this  organ 
shows  the  presence  of  a  diplococcus. 

Kidney s.—^oih.  show  early  stage  of  chronic  venous 
congestion. 

Intestines. — Normal. 

Lymphatic  glands.— K\\  the  groups  are  distinctly  enlarged 
and  markedly  congested.  Films  made  from  the  glands  show 
the  presence  of  a  diplococcus.  A  culture  in  broth  from  a 
cervical  gland  gave  a  pure  culture  of  diplo-streptococci. 

Bone  Marroxo. — The  marrow  was  removed  from  the  upper 
end  of  the  right  humerus.  It  presented  a  somewhat  deeper 
red  colour  than  normal.  Film  preparations  were  made  and 
stained.  These  showed  a  remarkable  increase  in  the  number 
of  nucleated  red  corpuscles,  many  were  of  the  normoblastic 
type,  but  some,  also,  were  apparently  megaloblastic. 

i^cmar/ts.— This  case  is  of  considerable  interest  and  import- 
ance. One  of  the  most  striking  features  in  it  was  the  remarkable 
blood  picture  presented.  Durin  g  life  the  number  of  the  red  cells, 
the  percentage  of  htemoglobin  and  the  specific  gravity  were 
higher  than  normal.  The  blood  during  hfe  showed  nucleated 
red  corpuscles.  After  death  the  examination  of  the  bone 
marrow  showed  a  very  large  number  of  nucleated  red  cells. 
The  changes  in  the  blood  took  place  shortly  before  death.  In 
this  case  there  was  a  general  invasion  by  a  diplococcus  just 
before  death.  To  what  extent  this  was  responsible  for  the 
peculiar  condition  of  blood  and  bone  marrow  it  is  difficult  to 
say.  At  one  time  this  patient  had  a  very  large  number  ot 
trypanosomes  in  the  peripheral  blood.    The  effect  ofmjection  ot 
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a  considerable  quantity  of  salt  solution  in  diminishing  the 
number  of  red  cells,  percentage  of  hasmoglobin  and  specific 
gravity  (which  were  all  higher  than  normal)  was  interesting. 
The  result  of  the  injection  of  the  sodium  arsenite  was  also 
interesting. 

Case  69  Z.Q.    Geeeude  (Male).   Age  25  years. 

August  20,  1904.  Patient,  who  is  a  Waganda,  was  sent  in 
from  Kakumiro.  He  complains  of  pains  in  his  body,  and  has 
been  sick  for  some  time.  He  is  now  very  drowsy,  and  his 
speech  is  slow  and  monotonous.  Facial  expression  is  dull. 
Slight  tremors  of  tongue  and  hand  present.  The  heart  sounds 
are  normal.  Pulse  85,  tension-is  fair.  Lungs  normal.  The 
knee  jerks^  are  present  and  normal.  A  gland  in  the  right 
posterior  triangle  of  neck  was  punctured,  and  the  juice  was 
found  to  contain  active  trypanosomes,  but  no  diplococci.  The 
cerebro-spinal  fluid  also  contained  active  trypanosomes. 

August  30.  The  patient  has  been  passing  black  motions  for 
about  two  to  tln-ee  days.    No  vomiting. 

The  following  chart  shows  the  course  of  the  disease  :— 
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Tlio  following  chart  shows  the  presence  or  absence  of 
trypanosomes  or  diplococci  in  the  lymphatic  glands  and 
cerebro-spinal  fluid: — 
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September  1.    Patient  died.  Post-mortem. 

The  body  is  not  emaciated.  There  is  general  enlargement 
of  the  superficial  lymphatic  glands. 

No  increase  of  fluid  in  the  pericardial,  pleural  or  peritoneal 
cavities. 

Brain. — Shows  some  congestion  of  the  superficial  vessels 
and  increase  of  sub-arachnoid  fluid.  The  ventricles  are  dilated. 
A  culture  in  broth  made  from  the  cerebro-spinal  fluid  remained 
sterile. 

Heart. — Nothing  noteworthy.  A  culture  in  broth  made 
from  the  heart  blood  remained  sterile. 

Lungs. — Both  healthy. 

Liver. — Nothing  noteworthy. 

Spleen. — Slightly  enlarged. 

Kidneys. — Nothing  noteworthy. 

Pancreas. — Is  somewhat  enlarged  and  congested. 

Stomach. — On  opening  this  organ  it  is  found  to  contain  a 
considerable  quantity  of  altered  biood.  The  mucous  membrane 
is  seen  to  be  studded  with  a  large  number, of  areas  which  have 
a  dark  centre  and  a  periphery  of  lighter  red  in  the  centre,  the 
mucous  membrane  is  eroded.  These  areas  vary  in  size,  are 
circular  in  shape-  Scrapings  from  these  ulcers  did  not  show 
the  presence  of  ova  of  Bilharzia.    Vide  Plate. 

Intestines. — Are  normal. 

Remarks. — This  case  is  given  on  account  of  the  curious 
condition  met  with,  post-mortem,  in  the  stomach  ;  since  attention 
has  been  directed  to  this  point  the  stomach  of  four  cases  of 
sleeping  sickness  have  been  examined,  and  a  very  similar 
condition  found  in  each.  These  areas,  on  microscopic  examina- 
tion are  seen  to  be  small  haemorrhages  into  the  mucous 
membranes,  and  these  become  broken  down  under  the  action 
of  the  gastric  juice  giving  rise  to  the  superficial  ulcers. 


Experiment  69  Z.R.    Zakayo  (Male).   Age  20  years. 

August  31,  1904.  This  patient  was  admitted  into  hospital 
about  six  months  ago.  He  ran  away.  He  was  picked  up  a 
few  days  ago  on  the  road  and  brought  to  hospital.  He  is  now 
in  a  very  advanced  stage  of  the  disease.  There  is  considerable 
emaciation.  There  is  general  enlargement  of  the  superficial 
lymphatic  glands.  The  facial  expression  is  very  dull. 
Tremors  of  tongue  and  hands  are  present.  The  heart  sounds 
are  weak.    Pulse  72,  tension  is  low. 

Ljungs. — No  physical  signs  of  disease. 

lAv  'er  and  Spleen. — Are  not  palpable. 

A  gland  in  the  left  posterior  triangle  of  neck  Avas  punctured 
and  active  trypanosomes  were  found  in  the  juice.  No 
streptococci  were  seen. 

September  4.    The  patient  is  in  a  moribund  condition. 

The  following  chart  represents  the  course  of  the  disease: — 


PORTION   OF  STOMACH 
OF 

GEERUDE,GASE  OF  SLEEPING  SICKNESS, 
SHOWING   ULCERATION   OF  MUCOUS  MEMBRANE. 


m    "jfir  jyi,5 
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DATE 
1901 

31  1  2J45678 

lOJ 
102 
101 
100 
99 
98 
97 

95 
9+ 
93 

died! 

N 

92 

91 

PULSE 
RES  P. 

72     72     60  Se 
12      14      12  12 

The  following  table  shows  the  result  of  the  enumeration  of 
the  blood  corpuscles,  the  percentage  of  haemoglobin,  and  the 
presence  or  absence  of  trypanosomes  and  diplo-streptococci  in 
the  glands,  blood,  and  cerebro-spinal  fluid : — 
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September  8,  1904.    The  patient  died.  Post-mortem. 

The  body  is  somewhat  emaciated.  There  is  general 
enlargement  of  the  superficial  lymphatic  glands.  The  pupils 
are  equal  and  normal.  There  is  no  increase  of  fluid  in  the 
pericardial,  plem-al  or  peritoneal  cavities. 

Brain. — There  is  some  increase  of  sub-arachnoid  fluid.  The 
membranes  have  the  usual  ground  glass  appearance.  The 
supei-ficial  vessels  are  injected.  Spinal  cord  shows  no 
noteworthy  change  to  the  naked  eye.  A  culture  in  broth  from 
cerebro-spinal  fluid  examined  sterile. 

Heart. — Apparently  healthy.  A  culture  in  broth  from  heart 
blood  remained  sterile. 

Limgs. — Both  healthy. 

Liver. — ^Not  enlarged,  has  somewhat  mottled  appearance  on 
section. 

Spleen. — Slightly  enlarged.    Some  old  perisplenitis. 
Kidneys. — Nothing  noteworthy. 

Stomach. — On  opening  this  organ,  the  mucous  membrane 
presents  a  remarkable  appearance,  there  are  numerous  small 
petechial  areas  studded  all  over  its  surface,  towards  the  pyloric 
end  they  are  larger  and  more  numerous.  Each  area  has  a 
dark  centre  surrounded  by  a  light  red  zone.  They  vary  in  size 
from  about  a  pin  point  up  to  ^th  of  an  inch  in  diameter.  No 
ova  of  Bilharzia  were  seen  in  the  scrapings. 

Intestines. — Show  nothing  noteworthy. 

Lymphatic  glands. — There  is  general  enlargement  of  the 
lymphatic  glands.  A  culture  in  broth  made  fi  "om  the  left 
cervical  gland  remained  sterile. 

Remarks. — This  case  is  of  considerable  interest,  owing  to 
the  curious  condition  found,  post-mortem,  of  the  mucous 
membrane  of  the  stomach.  This  is  the  fourth  case  in  which 
tlie  stomach  has  shown  this  change  in  sleeping  sickness.  It 
would  therefore  appear  that  this  morbid  condition  is  in  some 
way  bound  up  Avith  the  pathology  of  the  disease. 


Case.    Kasemote  (Male).   Age  35  years.  Waxyamwesi. 

August  12,  1904.  Patient  Avas  sent  up  for  examination. 
Lymphatic  gland  in  left  posterior  triangle  was  punctured  and 
the  juice  found  to  contain  active  trypanosomes.  He  refused  to 
remain  in  hospital. 

October  l.  Patient  was  admitted  to  hospital  to-day.  He  is 
distmctly  fll.  Superficial  lymphatic  glands  are  'enlarged 
generally.  Complains  of  vomiting,  especially  after  food.  His 
voice  IS  low  and  monotonous,  speech  is  very  indistinct.  Facial 
expression  IS  dull.  Tongue  is  tremulous.  Heart  sounds  are 
normal.  Cerebro-spmal  fluid  contains  many  active  trypano- 
somes.   They  were  found  without  centiifuging. 

October  10.  General  condition  of  patient  is  much  worse, 
and  he  is  completely  bedridden. 

October  17.    Patient  died. 

October  18.    Post-mortem.    The  body  is  emaciated.  No 
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bedsores,  general  enlargement  of  superficial  lymphatic  glands 
Port-mortem,  decomposition  advanced.    No  increase  of  fluid  in 
the  pericardial,  pleural  or  peritoneal  cavities. 

Beart  and  Lungs. — Both  normal. 

Spleen. — Very  slightly  enlarged. 

Liver. — ^^Healthy. 

Stomach. —  TowarcU  the  pyloric  orifice  several  small 
petechial  hemorrhages  are  present.  Also  several  larger  areas 
of  congestion.  The  appearance  is  very  similar  to  that  found 
in  several  other  cases  of  sleeping  sickness. 

Intestines. — Normal.  No  ova  of  Bilharzia  found  in  the 
stomach  or  intestines. 

Eemarks. — This  case  is  given,  as  it  is  another  example  of 
:tnis  cm-ious  condition  of  stomach  which  has  been  met  with 
amongst  the  cases  of  sleeping  sickness  here. 


Case.    Sebugwao  (Male).   Age  19  years. 

September  27,  1904.  Patient  Hves  in  the  Swahili  lines, 
Entebbe.  He  has  been  sick  for  two  months.  He  complains  of 
pain  m  the  head.  The  facial  expression  is  dull  and  heavy. 
General  enlargement  of  the  superficial  glands.  Spleen  is 
enlarged.  Liver  is  not  enlarged.  Heart  sounds  are  normal. 
Lungs,  nothing  noteworthy.  Gland  in  the  left  posterior 
triangle  of  neck  was  punctured,  a  culture  in  broth  was  made 
from  the  juice,  this  remained  sterile.  The  juice  contained  many 
active  trypanosomes.  The  cerebro-spinal  fluid  contained  active 
trypanosomes. 

October  31.    Patient  died. 

November  1.  Post-mortem. 

The  organs  generally  present  the  usual  appearances  met 
with  in  cases  of  sleeping  sickness.  The  stomach,  however, 
presents  a  curious  condition.  The  mucous  membrane  is  studded 
with  petechial  areas,  and  the  stomach  also  contains  a  quantity 
of  dark  material.  The  condition  is  very  similar  to  that 
observed  in  the  other  cases  of  sleeping  sickness. 

Eemarks. — This  case  is  given  to  again  direct  attention  to 
the  frequency  of  this  pecuhar  condition  of  the  mucous 
membrane  of  the  stomach. 


Case  69.   Zururu  bin  Mza.   Age  25  years. 

Sailor  on  Government  boat.  Lake  Albert.  SwahiH, 
August  17,  1904.  Admitted  to  hospital  to-day.  Captain 
Hutchinson  writes,  "  That  this  man  was  one  day  in  Entebbe 
before  proceeding  to  Lake  Albert,  where  he  remained  two 
years."  He  was  nl  for  two  months  on  Lake  Albert,  suffering 
from  pains  in  the  body.  He  has  a  very  dull,  drowsy  expression 
of  the  face.  There  is  general  enlargement  of  the  lymphatic 
glands,  very  marked  in  the  anterior  and  posterior  triangles  of 
the  neck.    Tremors  of  tongue  and  hands  present.    Knee  jerks 
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are  normal.  Spleen  and  liver  not  enlarged.  Heart,  no  bruit 
heard.  His  voice  in  very  Iqw  and  raouotonons.  He  is  expec- 
torating rusty  sputum.  A  gland  in  posterior  triangle  of  neck 
was  punctured,  many  active  trypanosomes  present  in  the  juice. 

August  18.  Lumbar  puncture  performed.  Trypanosomes 
present  without  ceutrifuging.  A  cultm-e  in  broth  and  agar  of 
juice  from  gland  in  left  posterior  triangle  remains  sterile. 

The  following  chart  shows  the  conrse  of  the  disease : — 
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The  following  table  shows  the  result  of  enumeration  of 
the  blood  corpuscles,  the  percentage  of  haemoglobin,  the 
presence  or  absence  of  diplo-streptococci  and  trypanosomes  in 
the  blood,  lymphatic  glands,  and  cerebro-spinal  fluid  : — 
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August  21.    Patient  died.  Post-mortem. 

Tiie  body  is  fairly  well  nourished.  There  is  general 
enlcargement  of  superficial  lymphatic  glands.  No  sores.  The 
pupils  are  equal  and  normal. 

No  increase  of  fluid  in  the  pericardial,  pleural  or  peritoneal 
cavities. 

Brain. — On  removing  the  calvarium  and  reflecting  the  dura 
mater  the  convolutions  are  seen'  to  be  congested  with  some 
flattening.  The  sub-arachnoid  fluid  is  increased.  The  spinal 
cord  shows  nothing  noteworthy  to  the  naked  eye.  Portions  of 
nervous  system  removed  for  minute  examination. 

Heart— Kw^cle  substance  is  pale  and  flabby,  cavities  are  all 
dilated. 

Lu7igs.—LQ%  towards  the  base  there  is  a  patch  of 
pneiimonic  consolidation  in  a  state  of  red  hepatisation,  it 
involves  about  half  the  lower  lobe  of  the  lung.  There  are 
some  flakes  of  recent  pleurisy  over  this  area,  rest  of  lung 
healthy.    Eight,  nothing  noteworthy. 

Spleen. — Shghtly  enlarged. 

Liver. — Deeply  congested. 

Kidneys. — Nothing  noteworthy. 

Glands. — The  various  groups  show  enlargement. 
4.U  /^//^^'^^'s-— This  case  is  of  great  importance  as  indicating 
that  the  fly  belt  on  Lake  Albert  has  become  infected. 
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REPORT  ON  SLEEPING  SICKNESS  IN  THE  NILE 

VALLEY. 

BY 

Captain  E.  D.  W.  Greig,  I.M.S. 

In  the  Introduction  to  the  Report  9  it  was  mentioned  that 
Captain  Greig  left  Entebbe  for  England  via  the  Nile  •  this 
Report  contains  the  record  of  his  observations  on  the 
Valley  sleeping  sickness  and  tsetse  fly  in  the  Nile 

About  a  year  ago  the  exact  distribution  of  Glossina  palpalis 

Mr  W^?  W   Tl.  ^^^''^  Commis^on  by 

Mr.  W.  Y  Wyndham,  then  Collector,  Wadelai.    At  that  timi 

TJTJ^  ?         f  esence  of  sleeping  sickness  in  that  district 

wn«    '      TT"'^-  /-^h*  ^^"^  l^^^d  become  infected 

was  suggested  in  the  first  instance,  by  a  case  of  sleeping 

SebT.  1  ^"^"""^  ^^"^  ^^•^)  ^'^'^"^         admitted  ^int? 

^ntebbe  Plospital  from  Lake  Albert  on  August   17,  1904 

This  case  is  recorded  in  Appendix.     Later  ^a  repo  t  was' 
received  by  H.M  Acting  Commissioner,  Mr.  Geor|rWil son 
(7309)  '^'^^^'^  that  a 


disease  reHeinbliug  sleepiug  sickneBS  had  brokeu  out  amougst 
the  inhabitantR  of  Bugungu  on  tlie  novth-eastern  -slioreB  of 
Lake  Albert.  It  was  therefore  of  gi-eat  unportance  to  deter- 
mine (1)  if  the  disease  in  Bugungu  "was  sleeping  sickness  :  (2) 
how  far  noi'th  the  disease  extended;  and  (H)  the  distribution  of 
C  palpalis  along  the  Nile  banks. 

The  co-operation  of  the  Government  of  Egypt  having  been 
obtained,  it  was  possible  to  make  observations  from  Lake 
Albert  down  the  Nile  to  Khartoum  under  specially  favourable 
conditions. 

I  left  Entebbe  on  November  15,  1904,  and  proceeded  direct 
to  Hoima,  arriving  there  on  November  25,  1904.  Halting  there 
till  December  6,  the  cases  of  suspected  sleeping  sickness  from 
Bugungu,  collected  there  for  mo  by  Dr.  Pooley,  Medical 
Officer,  Hoima,  were  all  carefully  examined.  From  Hoima  the 
march  was  continued  to  Butiaba  on  Lake  Albert.  From  there 
1  proceeded  to  Bugungu  by  sailhig  boat  "  James  Martin."  At 
this  point  I  was  met  by  the  Government  steam  launch  and 
proceeded  towards  the  Victoria  Nile,  examining  on  the 
upward  journey  the  south  bank  as  far  as  the  Murchison  Falls 
and  the  north  bank  on  the  return  journey.  This  occupied  four 
days.  Proceeding  down  the  Nile,  Wadelai  was  reached  on 
December  11.  Halting  here  two  days  some  of  the  general 
population  were  examined  for  trypanosoma  infection,  and  the 
villages  for  actual  cases  of  sickness.  From  Wadelai  the 
journey  was  continued  doAvn  the  Nile  to  Nimuli.  Halting  here 
for  four  days,  an  investigation  of  a  number  of  the  general 
population  for  trypanosoma  infection  was  made.  From  Nimuli 
the  march  was  continued  along  the  right  bank  of  the  Nile  to 
Gondokoro.  This  was  reached  on  December  27,  1904.  At 
Gondokoro  i  was  joined,  on  December  30,  by  Dr.  Sheffield 
Neave,  sent  by  the  Egyptian  Government  to  co-operate  with 
me.  The  gimboat  "Abu  Klea"  was  placed  at  our  disposal  to 
investigate  the  banks  of  the  Nile  as  far  as  Bor.  From  here  the 
journey  was  continued  through  the  sudd  in  the  post-boat 
"Amka."  Khartoum  was  reached  on  January -21,  1905.  This 
completed  the  investigation. 

As  it  is  of  extreme  importance  to  ascertain  whether  G. 
palpalis  is  present  or  absent,  not  only  on  the  banks  of  the  Nile 
but  throughout  the  whole  Sudan  ;  an  arrangement  was  made  by 
which  each  official  of  the  Sudan  Government  stationed  in  the 
various  districts  will  receive  a  specimen  of  the  G.  pa/pah's,  with 
a  memorandum  requesting  information  as  to  the  presence  or 
absence  of  this  fly  or  flies  resembling  it  (collections  to  be  sent 
for  identification  to  headquarters),  and  as  to  the  character  of 
the  country,  etc.,  should  the  fly  or  one  resembling  it  be  found. 
The  results  of  the  investigation  on  the  banks  of  the  Nile  ai-e 
recorded  on  the  two  maps  which  accompany  this  report,  see 
p.  102.  The  red  dots  represent  the  distribution  of  the  G.  palpalis 
on  the  one  map  and  of  sleeping  siclmess  on  the  other.  It 
may  be  briefly  stated  that  the  following  facts  were  ascer- 
tanied : — 
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,1.  The  disease  on  Lake  Albert  from  which  .the  people  were 
d^'ing-  was  undoubtedly  sleeping  sickness. 

2.  The  disease  could  be  traced,  in  diminishing  severity, 

along  the  south  and  north  banks  of  the  Victoria  Nile, 
below  the  Murchison  Falls,  and  as  far  north  as  Wadelai. 

3.  Examination  of  the  lymphatic  glands  of  the  general 

population  of  Nimuli  showed  that  the  proportion  of 
enlarged  cervical  glands  was  low,  and  the  examination 
of  the  juice  of  these  glands  was  negative  as  regards 
trypanosomes.  No  case  of  sleeping  sickness  has  been 
recorded  here. 

4.  The  distribution  of  G.  palpalis  comoides  with  the  area 

of  sleeping  sickness.  It  terminates  on  the  Nile  banks 
a  httle  north  of  the  point  where  the  4th  degree  cuts 
the  Nile.  Here  the  character  of  the  country  begins 
to  alter,  open  spaces  and  sparse  vegetation  giving 
place  to  undergrowth  and|trees. 

5.  G.  palpalis  was  not  found  6n  the  banks  of  the  Nile  in. 

the  Sudan. 

6.  G.  morsituns  has  been   found  in  the  Bahr-el-Ghazal 

prolan ce.  This  interesting  observation  was  made  by 
Colonel  Griffith.  D.S.O.,  P.V.,0.,  who  states  "that  he 
found  G.  morsitans  in  the  Bahr-el-Ghazal  province  on 
the  banks  of  the  Pongo  River,  where  the  road  to  Deim 
Zabeir  crosses  it." 


1.  Sleeping  Sickness  is  present  in  the  ''Fly  belt''  at  Bugungu,  Lake 

Albert. 

Eighteen  cases  were  collected  at  Hoima  by  Dr.  Pooley  from 
Mwanga's  shamba,  Bugungu. 

These  were,  chnically,  typical  cases  of  sleeping  sickness  at 
different  stages  of  the  disease.  Trypanosomes  were  found  in 
the  gland  fluid  of  every  case.  The  cerebro-spinal  fliiid  was 
examined  in  several  cases  and  the  trypanosomes  found  in  every 
case.  Dr.  Pooley  .reported  on  December  13,  "that  six  of  the 
above  cases  had  since  died." 

It  is  interesting  to  note  that  a  blood-sucking  maggot  is' 
tound  m  Unyoro.    Specimens  were  brought  in  to  Dr.  Pooley 
by  the  natives.    Specimens  of  the  maggot  have  been  sent  to  ■ 
Mr.  Austen  for  identification.    A  curious  feature  was,  that  the 
dogs  m  the  sleepmg  sickness  area  died  in  considerable  numbers 
ot  a  wasting  disease.    Two  sick  dogs  were  sent  to  Entebbe  to 
be  kept  under  observation.    Lieutenant  Gray,  R.A.M.C.,  writes 
on  Januaij  19,  1905,  "that  one  of  the  dogs  shows  tiVpano- 
somes.    Ut  the  two  monkeys  and  the  guinea-pig  which  we 
infected  from  this  dog,  (a)  the  guinea-pig  has  not  yet  shown 
tijpanosomes;  (b)  monkey  showed  trypanosomes  eleven  days 
after  infection  ;  (c)  second  monkey  has  not  yet  shown  trypano- 
somes.    It  will  remain  to  be  seen  from  further  observation  to 
what  variety  of  trypanosoma  this  belongs. 

T  2 
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2.  Sleeping  Sickness  is  x>resent  in  the  ''Fly  belt"  as  far  north  as 

Wadelai. 

At  various  villages  on  the  south  and  north  banks  of  the 
Victoria  Nile  and  the  right  bank  of  the  Nile  to  Wadelai  the 
general  population  were  examined  and  the  chiefs  questioned 
regarding  the  occurrence  of  sleeping  sickness.  The  method  of 
investigation  was  by  examination  of  the  lymphatic  glands  as 
recorded  in  the  Report,  page  275. 

The  following  table  shoAvs  the  village  or  station  examined, 
and  the  presence  or  absence  of  sleeping  sickness  in  the  general 
population : — 


Name  of 
village 
or  station. 

Situation. 

Sleeping 
sickness. 

Number  of  cases. 

Borigi 

South  bank,  Vic- 
toria Nile,  15 
miles  from 
mouth. 

Present  ... 

Two  early  cases. 

Fajao 

Near  Murchison 
Falls. 

»  ••• 

One  case  reported. 

Kimori 

North  bank  of 
Victoria  Nile, 
7  mQes  from 
mouth. 

»  ••• 

Sixteen  men  examined. 
Thirteen  had  enlarged 
cervical  glands  with  rapid 
pulse.  Chief  reports 
eight  persons  died  in  his 
village  last  month  of 
sleeping  sickness. 

Wadelai  ... 

Eight  bank  Nile... 

„  ... 

Fifteen  of  the  general 
population  examined. 
Four  had  enlarged 
cervical  glands.  Try- 
pan osomes  found  in  one. 
One  case  of  undoubted 
sleeping  sickness. 

3.  Sleeping  Sickness  at  the  present  time  does  not  occur  as  far  north 

as  Nimuli. 

At  this  station  the  cervical  glands  of  eighty-seven  males  of 
the  general  population  Avere  examined,  namely,  sixty  Nubian 
Askaris  and  twenty-seven  Askaris  from  Afuddn.  A  few  of 
these  showed  shght  enlargement  of  the  cervical  glands,  but 
microscopic  exaniination  of  the  juice  Avas  negatiA-e  as  regards 
trypanosomes. 

Through  the  courtesy  of  Commandant  PL  V.  Calseyde,  1 
Avas  enabled  to  examine  a  number  of  the  general  population  of 
Dufile  in  the  Enclave.  One  case  of  trypanosoma  infection  A\^as 
found.    This  was  imported  from  the  interior.    This  observation 
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is  of  coiisiderablo  importaiico  as  indicating  a  route  along  wliicli 
the  infection  might  enter  the  "Fly  belt"  of  the  Nile. 

No  cases  of  sleeping  sickness  have  occurred  at  Gondokoro 
or  in  the  Sudan. 


4.  Glossina  palpalis  extends  along  the  banks  of  the  Nile  30  to 
50  miles  north  of  the  point  where  the  Uh  degree  cuts  the  Nile. 

The  red  dots  on  the  map  indicate  the  position  where  the 
G.  palpalis  was  actually  found  ;  at  some  points  it  was  extremely 
numerous;  this  was  especially  so  at  Fajao,  on  both  sides  of  the 
Nile  at  the  Falls.  G.  palpalis  is  found  all  along  the  banks  of  the 
Nile  in  Uganda  territory.  It  only  ceases  to  occur  a  short 
distance  south  of  Gondokoro.  It  is  interesting  to  note  that,  at 
the  point  where  the  fly  ceases,  the  character  of  the  countiy 
alters  completely.  It  becomes  more  open,  the  undergrowth 
18  not_  found,  and  the  trees  are  further  apart,  and  therefore 
affording  much  less  shelter  from  the  sun. 


5.  Glossina  palpalis  loas  not  found  on  the  hanks  of  the  Nile  between 

Gondokoro  and  Khartoum  in  the  Sudan. 

I  examined  both  banks  of  the  Nile  at  each  possible  landing 
place  as  far  as  Bor,  but  with  negative  results.  .  From  Bor  the 
journey  was  continued  through  the  sudd.  No  specimen  of  G. 
palpalis  was  found,  nor  at  any  point  on  the  journey  to  Khartoum.' 
Dr.  Sheffield  Neave  will  continue  and  extend  the  observations 
on  these  hnes  in  the  Sudan  under  the  dhection  of  Dr.  A.  Balfour. 

6.  Glossina  morsitans  occurs  in  the  Bahr-el-Ghazal  province  of  the 

Sudan. 

The  observation  of  Colonel  Griffith  shows  that  the  G.  morsi- 
tans exists  on  the  banks  of  the  Pongo  River.*  Mr.  Brown,  of  the 
Imperial  Institute,  who  has  recently  been  in  the  Bahr-el-Ghazal 
considers  "that  the  Fly  is  more  numerous  on  the  west  bank' 
There  is  a  forest  of  trees  on  the  west  bank.  The  trees  are  more 
scattered  on  the  east."  He  also  states  "  that  the  Fly  occurs 
on  the  Jur  River  near  Wau."  It  is  of  great  importance  that 
this  belt  should  be  accurately  defined.  Dr.  A.  Balfour,  Director 
of  the  Gordon  College  Laboratory,  Khartoum,  has  found  try- 
panosomes  in  the  blood  of  animals 'from  the  Bahr-el-Ghazal. 

7,  Has  the  Nile    Fly  belt"  become  infected  from  Uganda  or  the 

Congo  ? 

It  is  obvious  that  the  infection  must  have  been  carried  in 
Irom  one  or  other  of  these  areas  of  sleeping  sickness.  Its 

p.  282^''^^        '^^  showing  distribution  of  Tsetse  flies      Mr.  Austen 
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greater  severity  iu  Unyoro  and  gradual  diminution  north 
appears  to  suggest  that  it  gained  an  entrance  from  the  Uganda 
side,  but  cases  are  found  in  close  proximity  on  the  left  bank  of 
the  Nile.  It  is  impossible  therefore  to  definitely  answer  the 
question. 

The  general  situation  as  regards  sleeping  sickness  in  the 
Nile  Valley  is,  that  sleeping  sickness  is  slowly  spreading  in  the 
"Fly  belt"  and  will  extend  to  its  northern  and  southern  limit. 
As  the  norther-n  limit  does  not  extend  into  the  Sudan,  there  will 
not  be  a  direct  extension  of  the  disease  along  the  Nile  into  this 
country.  As,  however,  a  closely  related  species  {Glossina 
morsii.ans)  exists  in  the  Balir-el-Ghazal  province,  it  will  be  of  the 
utmost  importance  to  prevent  the  introduction  of  people  from 
sleeping  sickness  areas  into  this  "belt,"  and  to  accurately 
define  the  limits  of  the  "  belt." 

I  desire  to  express  my  most  sincere  thanks  to  H.E.  Lord 
Cromer,  for  enabling  me  to  imdertake  the  investigation  iu  the 
Sudan  :  to  Sir  Reginald  Wingate,  Sirdar  and  Governor-General 
of  the  Sudan,  for  facilitating  my  work  in  every  way,  to  Colonel 
Griffith,  D.S.O.,  P.V.O.,  and  Dr.  A.  Balfour,  for  information 
received,  and  to  other  officials  in  the  Sudan  and  Egypt,  who 
helped  me  in  the  work,  for  their  constant  and  genei-ous  co- 
operation. To  Mr.  George  Wilson,  C.B.,  H.M.  Acting  Com- 
missioner, Uganda,  for  giving  facilities  for  the  work  in  Uganda  ; 
Dr.  R.  U.  MoflFat,  C.M.G.,  for  help  and  advice;  Mr.  T.  Grant, 
Collector,  and  Dr.  G.  H.  Pooley,  M.O.,  Hoima;  Mr.  P.  W. 
Cooper,  Collector,  and  Dr.  G.  C.  Strathairn,  M.O.,  Wadelai ; 
Mr.  Guy  Eden,  Collector,  and  Dr.  Ralph  Stoney,  M.O.,  Nimuli; 
Mr.  F.  Spire,  and  Dr.  C.  J.  Baker,  M.O.,  Gondokoro,  for  help 
and  co-operation  whilst  on  tour  in  Uganda. 


13. 

THE  DISTRIBUTION  OF  THE  TSETSE-FLIES. 

(Genus  Glossina,  Wiedemann,  as  at  present  known.) 

WITH  MAP. 

By  E.  E.  Austen,  F.Z.S. 

(Author  of  A  Monograph  of  the  Tsetse-flies,  etc.,  etc.) 

Although  owr  knowledge  of  the  distribution  of  the  eight 
species  of  tsetse-flies  is  still  very  far  from  complete,  it  .is 
nevertheless  possible,  owing  in  large  measure  to  the  special 
attention  that  has  been  paid  to  the  genus  Glossina  within  the 
last  two  years,  to  make  an  attempt  to  illustrate  the  distribution 
of  the  various  species  by  means  of  a  map.  In  view  of  the 
possibility  that  the  trypanosome  of  sleeping  sickness  may  be 
conveyed  by  other  species  of  Glossina  besides  Gl.  palpalis,  it  is 
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the  more  important  that  this  should  be  done,  especially  since 
no  such  attempt  has  hitherto  been  made.    The  map  published 
in  the  writer's  Monograph  of  the  Tsetse-flies  (190;-^)  merely 
showed  what  was  then  known  of  the  distribution  of  the  genus- 
as  a  whole,  without  attempting  to  discriminate  between  the 
species ;  and  although  a  n)ap  showing  the  distribution  of  the 
different  species  was  exhibited  by  the  author  at  Oxford  in- 
July,  1904,  in  connection  with  a  paper  on  tsetse-flies*  read  by 
him  in  the  section  of  Tropical  Diseases,  at  the  Annual  Meeting 
of  the  British  Medical  Association,  it  was  unfortunately  not 
found  possible  to  reprodiice  the  map  when  the  paper  was- 
printed.    The  accompanying  map,  in  the  preparation  of  which 
the  writer  has  been  most  kindly  assisted  by  Mr.  A.  J.  Engel  Terzi, 
will,  it  is  hoped,  at  least  serve  as  a  basis  for  future  work. 

Since  it  may  now  be  assumed  to  be  Avell  understood  that 
tsetse-flies  are  not  met  Avith  continuously  throughout  broad 
tracts  of  country,  but   are   confined   to   relatively  narrow 
"  belts,"  which  are  frequently  discontinuous,  and  are  usually  to 
be  found  along  the  margiiis  of  water-courses,  rivers,  and  lakes, 
it  IS  perhaps  hardly  necessary  to  explain  that  a  particular 
species  must  not  be  supposed  to  occur  everywhere  within  the 
areas  marked  on  the  map.    The  latter  only  shows  broadly 
what  IS  at  present  known  of  the  relative  distribution  of  the 
ditterent  species,  which,  in  view  of  the  scale  used,  was  all  that 
was  possible.    Similarly,  where  a  species  of  tsetse  is  shown  ati 
occurring  along  a  river  or  on  the  margin  of  a  lake,  the  map 
must  not  be  taken  as  giving  any  indication  whatever  of  the 
chstance  from  the  water  to  which  the  fly  is  to  be  found  which 
m  some  cases  may  be  merely  a  few  yards.f    Moreover,  the  fact 
that  any  particular   locality  lies   within  the   limits   of  the 
occurrence  of  a  species  of  tsetse,  as  shown  on  the  map,  is  not  to 
be  taken  as  implying  that  the  fly  necessarily  exists  there  to- 
day.   1  he  areas  marked  are  in  accordance  with  records  or  the 
localities  of  actual  specimens,  but  in  some  instances,  as  has 
certainly  happened  in  the  case  of  Gl.  morsitans  in  parts  of  the 
Zambesi  Valley,  owing  to  the  retreat  of  big  game  or  other 
causes  tsetse-flies  are  no  longer  to  be  found  in  places  formerly 
infested  by  them.    When  isolated  areas  are  marked  as  the 
home  of   one  or  more  species,  it  is  to  be  understood  that 
specimens  have  been  received  from  these  localities,  or  else  that 
thei  e  are  apparently  reliable  records  of  the  occurrence  there 
of   tne  species  concerned;   in   many  cases   more  complete 
collections  or  fuUer  information  would  doubtless  prove  the  r 
existence  m  intervening  localities  also.  ^ 

With  these  introductory  remarks  the  map  ma v  be  left;  to 
explain  itself,  but  the  follow'ing  notes  on  cert^finTthe  specie^ 
of  Glossma  ivnll  perhaps  be  of  interest.  ^ 

Glosnna  pa/palis.    Uob.-Desv.-This  species  has  recently 
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been  reported  by  Laveran*  as  occurring  at  Sengaleam,  in 
Senegal,  about  six  miles  from  Eufisque,  aud  thirty  from  Cape 
Verde;  this  is  the  most  northerly  locahty  yet  recorded  for 
any  tsetse-fly.  In  West  Africa  the  hmit  of  the  range  of  Gl. 
pa/palis  towards  the  interior  is  entirely  miknoAvn,  so  that  no 
attention  should  be  paid  to  the  inner  boundary  of  the  area 
shown  on  the  map.  In  this  region  most  of  the  specimeuo  and 
records  of  occurrences  are  derived  from  localities  near  the  coast, 
and  it  is  consequently  impossible  to  say  how  far  the  species 
extends  into  the  interior,  although  it  may  reasonably  be 
supposed  to  occur  throughout  the  valleys  and  basins  of  the 
majority  of  the  rivers  that  fall  into  the  Atlantic  within  the 
limits  of  the  tropics.  Since  we  now  have  records  of  the 
occurreuce  of  GL  paljxdis  at  various  points  between  Sengaleam 
and  the  Congo  inclusive,  the  species  is  shown  on  the  map  as 
occurring  throughout  this  area,  for,  although  the  evidence  is 
not  .yet  complete,  there  is  no  reason  whatevei-  to  imagine 
that  it  will  not  ultimately  be  found  to  exist  in  all  suitable 
localities  within  these  limits.  According  to  our  present 
knowledge,  therefore,  the  distribution  of  Gl.  palpalis  extends 
from  Cape  Verde  in  the  north-west  throughout  West  Africa  to 
an  unknown  distance  into  the  interior,  and  southwards  to  the 
Congo.  In  the  eqiiatorial  region  the  eastern  limits  of  the  species 
as  at  present  known  are  the  River  Omo,  which  falls  into  the 
northern  end  of  Lake  Rudolf,  and  the  eastern  shore  of  Lake 
Victoria.  It  was  encountered  by  Dr.  Brumpt  from  the  sources 
of  the  Welle  to  the  mouth  of  the  Congo,  and  since  Laveranf 
states  that  he  has  identified  it  among  specimens  from  Katanga, 
m  the  south-east  corner  of  the  Congo  Free  State  (the  most 
southerly  record  at  the  present  time),  it  is  probably  to  be 
found  throughout  the  Lualaba-Congo  system  as  well.  South 
of  the  Congo  Gl.  palpalis  doubtless  occurs  throughout  the 
greater  part,  if  not  the  whole  of  Portuguese  West  Africa, 
since,  although  actual  records  of  the  occiu'rence  of  the  fly  are 
at  present  lacking,  and  no  coUecrions  have  as  yet  been  made  in 
this  region,  according  to  Dr.  H.  Rey,^  Sleeping  Sickness  has 
been  observed  from  Benguella  northwards. | 

Glossina  morsitans,  Westw. — In  the  paper  already  referred 
to,  Dr.  Laveran  records  the  identification  by  him  of  this  species 
among  material  ti-om  French  Guinea,  the  Rivers  Assiuie  and 
Comoe  (Ivory  Coast),  and  Katanga  in  the  Congo  Free  State,  to 

*  Comptes  Rendus  des  stfances  de  VAcad^mie  dex  Sciences,  t.  cxxxix  (Seance 
du  31  Octobre,  1904),  p.  659. 
t  Loc.  cit.,  p.  GG2. 

I  Quoted  by  Christy,  Eeporta  of  the  Sleeping  Sickness  Commission, 
No.  Ill,  Nov.,  1903,  p.  7. 

§  Since  these  notes  and  the  nccompaiiying  map  were  prepared,  the 
Britisli  Museum  lias  received  from  Dr.  F.  Creighton  Wellnian  a  form  of 
Gl.  palpalis  taken  by  him  in  November  hist  on  the  Katumbela  Eiver, 
Benguella;  Hie  specimens  are  somewhat  dideront  from  the  typical  form,  and 
represent  a  new  sub-species,  which  the  author  has  described  as  Ul.  2:>alpalis 
wellmani.  In  the  Congo  Free  State,  according  to  information  furnished  by 
the  Rev.  W.  Holman  Bentley,  of  the  Baptist  Missionary  Society,  GL  palpalis 
is  abundant  some  eighty  miles  to  the  south-east  of  Luttete. 
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the  soutli-wesfc  cf  Lalce  Mweni.  Collections  received  cat  the 
British  Museum  last  autumu  from  Mr.  Kobert  Codrington, 
Administrator  of  Is' orth- Eastern  Ehodesia,  show  that  Gl. 
morsitans  may  be  said  to  be  distributed  throughout  North- 
Eastern  Ehodesia. 

As  regards  Gl.  morsitans  in  the  Bahr-el-Ghazal  province  of 
the  Sudan,  the  locality  shown  on  tlie  map  is  that  of  the 
specimen  obtained  by  Colonel  Griffiths  in  11)03,  on  the  Pongo 
Eiver,  between  Wan  and  Dem  Zibehr,  where  the  species 
appears  to  be  very  abundant.  Dr.  Andrew  Balfour,  of  the 
Gordoji  College  Laboratories,  Khartoimi,  in  a  letter  to  the 
writer  dated  January  9th,  1904,  said  that  dining  a  recent 
joimiey  to  Uganda  a  native  officer  informed  him  that  the  lly 
IS  found  six  miles  inland  from  Shambe,  on  the  Bahr-el-Jebel. 
Dr.  Balfour  is  inclined  to  think  that  in  the  Egyptian  Sudaji 
GL  morsitans  is  "  limited  to  the  Bahr-el-Ghazal  jDrovince,  and 
does  not  extend  further  north  than  the  river  of  that  name." 
Major  Penton,  E.A.M.C.,  whom  the  writer  has  lately  seen,  is 
disposed,  as  the  result  of  experience  cained  during  recent 
service  with  the  Egyptian  Army,  to  agree  with  Dr.  Balfour, 
and  thinks  that  at  any  rate  Glossina  morsitans  isi  not  to  be  found 
to  the  north  of  Fashoda. 

Glossina  tac/iinoides,  Westw.— This  species  is  recorded  by 
Laveran*  from  the  river  Rani,  a  tributary  of  the  Niger,  in  the 
l^rench  Sudan.    The  same  author  (ibid,  p.  659)  also  speaks  of 
its  occurrence  on  the  Lower  Eio  Nunez,  French  (Guinea  •  but 
since  this  is  an  isolated  record,  it  is  not  shown  on  the  map 

_  Glossina  pallidipes,  Austen.— In  October,  1904,  specimens  of 
this  species  were  forwarded  from  Gosha,  Jubaland,  East  Africa 
Protectorate,  by  Major  L.  H.  E.  Pope-Hennessy,  3rd  King's 
Afncan  Eifles.  Writing  from  Kismayu  on  October  11th  last, 
Major  Pope-Hennessy  states  that  the  natives  say  that  this  fly 
IS  ceadly  to  cattle  and  camels,  and  adds  that  "should  recruits 
with  the  germ  of  sleeping  sickness  in  them  be  obtained  fron. 
Uganda  and  be  bitten^  by  this  fly,  the  disease  may  be 
piopagated  in  Gosha,  and  perhaps  annihilate  our  only  hard- 
working section  of  the  inhabitants.  Apart  from  questions  of 
^mZyP         "^""'^^  P'^'  ""^  opening-up  of  the 

Glossina  lomjipalpis,  Wied.—A   specimen   of  thio  species 
obtained  long  ago  by  Sir  John  Kirk  and  labelled  ^'Zamb^''  s 
n  the  British  Museum  collection,  but  since  the  precise  locality 
s  unknown,  the  species  is  not  shown  on  the  map  as  occurri  ?- 
in  the  region  m  question.    It  is  recorded  by  Laveranf  1  Vom 
i  rench  Guinea  and  Katanga,  Congo  Free  State.  ^ 

Glossina  /i^u-a.  Walk.,  is  now  known  from  a  number  of 
^videly  distan  localities,  and  its  area  of  distribut  on,  kh^^ 
I  W^f         "^'t''^'^^'^  co-extensive  with  that  of'S.  X  • 
n  West  Africa,  also  extends  to  Central  and  East  Africa     Ami  t 
from  previous  records,  the  writer  has  recently  sect  a  "eel  nc 


*  Loc.  cit.,  p.  CGI. 

+  Lo'j.  cit.,  pp.  G59,  GG2. 


■262 


from  Ueagara,  German  East  Africa,  ubtaiued  by  the  Rev 
A  North  Wood,  in  1904.  A  specimen  in  the  British  Museum 
collected  by  Su-  John  Kirk,  is  simply  labelled  "  Zambesi,"  but 
the  occurrence  is  not  recorded  on  the  map  for  the  reason  stated 
above  m  the  case  of  Gl.  longipalpis.  As  regards  West  Africa, 
the  latest  record  is  one  by  Laveran  (loc.  cit.)  from  French 
Guinea, 

Glossiva  fusca  was  met  with  in  July,  1904,  fifteen  miles 
north-east  of  Chiroino,  British  Central  Africa,  by  Major  F.  B. 
Pearce,  Deputy  Commissioner,  British  Central  Africa  Protector- 
ate. Writing  from  "The  Residency,  Zomba,  British  Central 
Africa,"  on  November  8th,  1904,  Major  Pearce  says  :— •' I  haVe 
arranged  to  have  a  few  head  of  cattle  kept  Within  the  fly 
{Glossina  fusca)  zone,  so  as  to  arrive  at  some  conclusion  Avit'h 
regard  to  the  question  whether  Gl.  fusca  is  dangerous  to  live 
stock.  In  this  connection  you  may  perhaps  be  interested  to 
know  that  a  herd  of  Government  cattle  has  been  kept  for  years 
at  Chiromo,  and  it  is  not  an  unusual  occurrence  for  them  to 
graze  in  the  Elephant  Marsh  actually  in  sight  of  buffalo.  The 
Chiromo  cattle  have  always  done  very  well,  and  none  have 
ever  been  lost  from  "  fly  "  sickness.  The  same  may  also  be 
said  concerning  the.  cattle  of  the  chief  Makwira,  \vho  has  a 
large  number  of  cattle,  which  always  graze  in  the  "  Marsh," 
where  buffalo  are  common.  If  therefore  the  only  species  of 
"  fly  "  in  the  Elephant  Marsh  game  reserve  is  GL  fusca,  it  would 
seem  that  that  species  is  not  dangerous  to  live  stock."  It  may 
be  noted  that  Major  Pearce's  statements  as  to  the  apparent 
harmlessness  of  Glossina  fusca  to  domestic  animals  are  supported 
by  Stuhlmann's  observations  on  the  same  species  near 
Dar-es-Salam.* 

British  Museum  (Natural  History), 

Cromwell  Road, 

London,  S.W. 

March  2nd,  1905. 


14. 

THE  MULTIPLICATION  OF  TRYPANOSOMA  GAM- 
BIENSE  IN  THE  ALLMENTARY  CANAL  OF 
GLOSSINA   PAL  PA  LIS. 

By  Lieutenant  A.  C.  II.  Gray,  R.A.M.C,  and  Lieutenant 
F.  M.  G.  TuLLOCH,  R.A.M.C. 

I.  Can  the  trypanosome  of  sleeping  sickness  multiply  in  the  stomach 

of  Glossina  palpalis  ? 

The  following  is  an  outline  of  the  experiments  done  to  prove 
this.  The  flies  used  were  brought  in  daily  from  the  lake  shore 
at  Entebbe.    It  appeared  that  a  dry  atmosphere  affected  the 

*  Cf  Austen,  "Monograph  of  tlie  Tsetse-flies,"  p.  300. 
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vitality  ,of'  the  cagtul  flies,  and  also  liad  a  juarked  effect  ou  the 
length  of  time  during  w  hich  the  tiypanosomes  survived  inside 
them.  To  counteract  this  the  flies,  from  the  time  they  were 
brought  in,  were  kept  in  cages,  placed  on  a  bed  of  absorbent 
paper,  constantly  saturated  with  water  from  a  resei'voir  with  a 
syphon  attachment. 

The  flies  were  kept  either  24  or  48  hours  after  they  were 
brought  in.  They  were  then  fed  on  monkeys  infected  from  the 
cerebro-spinal  fluid  of  sleeping  sickness  cases.  These  monkeys 
showed  ti-ypanosomes  in  varyuig  numbers  in  a  blood  film,  though 
never  more  than  one  trypanosome  to  six  fields  of  a  2  mm. 
f'bjective.  Forty-eight  hours  later  they  were  fed  on  a  fresh 
normal  monkey  "A";  forty-eight  hours  later  they  were  fed  on 
another  fresh  monkey  '-B";  forty- eight  hours  later  ou  monkey 
"  C,"_  and  so  on.  This  interval  was  selected,  because  from 
previous_  trials  it  seemed  a  natural  one  for  the  fly,  and  nearly 
all  the  flies  would  re-feed  after  48  hours. 

An  enormous  increase  (;ccurs  sometimes  in  the  number  of 
trypanoson-ies  taken  in  by  the  fly,  so  much  ,«o.  that  the  blood  in 
the  intestine  of  the  fly  Hterally  swarms  with  them.  In  this  case 
the  appearance  of  a  fresh  preparation  can  only  be  compared  to 
a  sunilar  one  made  from  the  blood  of  a  rat  dying  of  Nagana, 
when  the  number  of  parasites  equals  that  of  red  corpuscles. 

This  increase  was  first  seen  in  flies  9H  and  120  hours  after 
infection,  and  was  thought  to  occur  first  at  these  periods.  Later 
on  it  was  found  that  the  same  increase  occurred,  and  that  the 
same  enormous  numbers  of  trypanosoraes  were  found  24  hours 
after  the  fly  had  fed  on  the  infected  animal. 

When  these  flies  were  re-fed  in  the  way  described,  each 
successive  feed  of  blood  seemed  to  act  as  a  fresh  supply  of 
culture  medium,  and  we  have  found  these  greatly  increased 
numbers  maintained  up  to  288  hours  (12  days)  after  the  infective 
feed.  It  is  very  probable,  therefore,  that  the  increase  first  found 
at  96  and  120  hours  after  infection  was  only  the  continuation 
of  one  which  had  occun-ed  in  the  first  24  hours.  After  it  had 
been  foimd  that  this  increase  could  occur  in  the  first  24  hours, 
obperva:tions  were  made  on  two  monkeys.  When  examined 
24  hours  after  feeding  this  multiplication  was  observed  in  a  total 
10  per  cent,  of  all  the  flies. 

On  some  days  a  considorable  number  of  flies  would  be 
examined,  and  the  increase  would  not  be  found  in  any  of  them 
though  they  were  kept  under  the  same  conditions  and  fed  on 
the  same  monkey,  and  though  there  was  no  perceptible  diff"erence 
either  m  number.s  or  in  morphology,  of  the  trypanosomes  as 
seen  m  a  -blood  film.  For  instance,  of  the  flies  which  fed  on 
Monkey  350  on  March  23rd,  5  out  of  15  showed  this  great 
increase  when  examined  24  hours  later.  On  the  next  day  the 
increase  was  not  seen  in  any  of  29  flies  examined.  On  the  next 
Va^  negative  flies  were  examined,  and  on  the  day  following 
10.  1  hree  days  later,  when  another  box  of  flies  fed  on  the  same 
monkey  was  examined,  the  increase  was  found  in  2  out  of  9  flies 
examined.    This  increase,  which  is  found  in  10  per  cent,  of  flies 
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24  hours  after  feeding,  is  continued  at  later  periods  up  to 
288  hours,  in  a  total  of  5-6  per  cent,  of  them.  Probahly  if  a 
much  larger  number  of  flies  could  be  fed  and  examined,  it  would 
be  found  that  the  increase  was  continued  in  the  same  proportion 
of  flies  as  showed  it  originally. 

The  proportion  of  male  flies  brought  in  is  very  much  greater 
than  that  of  females.  This  increase  has,  however,  been  observed 
in  one  female  fly. 

2.  What  proportion  of  freshly-caught  flies  in  the  neighbourhood  of 
.Entebbe  contain  trypanosomes  ? 

The  following  method  was  used  in  order  to  try  and  find  this 

out :  The  flies  were  kept  for  24  hours  after  they  came  in.  They 

Avere  then  fed  on  an  uninfected  normal  monkey.  Twenty-four 
hours  later  they  were  dissected  and  examined  for  trypanosomes. 
Out  of  200  flies  examined  up  to  the  present,  two  contained  in 
their  intestines  the  same  enormous  numbers  of  trypanosomes  as 
were  found  in  10  per  cent,  of  flies  which  had  been  fed  on  an 
infected  monkey  24  hours  previously. 

3.  Morphology  of  the  trypanosomes  seen  in  the  fly. 

The  forms  of  trypanosome  seen  in  the  fly  vary  from  very 
small  ones,  some  20/x  in  length,  to  very  long  slender  ones  of 
about  100/z,.  The  most  striking  variation  from  the  ordmary 
form  seen  in  the  blood,  however,  is  the  different  position  of  the 
micronucleus.  This  is  very  rarely  seen  at  the  extreme  blunted 
end  of  the  parasite.  It  varies  from  a  position  midway  between 
the  posterior  extremity  of  the  trypanosome  and  the  macro- 
nucleus,  to  a  position  on  the  anterior  or  flagellar  side.  Figs.  1 
and  2.  In  trypanosomes  from  the  fly  the  most  common 
positions  for  the  micronucleus  are,  either  anterior  to  the  macro- 
nucleus  or  at  the  sid e  of  it.  A  very  common  dividing  form  is  that 
seen  in  Fig.  3,  which  would  give  rise  to  two  trypanosomes,  one 
with  an  anterior  micronucleus  and  the  other  with  a  micronucleus 
at  the  side  of  the  macronucleus.  The  very  small  forms  have 
been  observed  to  be  produced  by  unequal  division  of  a  large 
trypanosome,  as  in  Fig.  4.  No  vacuole  is  seen  in  any 
of-  these  trypanosomes.  The  blue-staimng  granules  m 
the  protoplasm  are  present  as  in  the  ordinary  forms  from 
the  Dlood  What  seems  their  natural  method  of  progression 
is  with  the  flagellum  foremost.  They  then  move  very  rapidly 
alonff  a  straight  course,  with  only  the  flagellum  and  undu- 
lating membrane  vibrating,  the  rest  of  the  trypanosome  hav- 
ing no  lateral  movement  at  all.  They  can  also  move  with  the 
blSnt  posterior  extremity  first,  but  in  this  case  they  move  very 
slowly ;  their  path  is  zig-zag  instead  ot  straight,  and  they 
advance  by  a  series  of  contractions  winch  bend  one-half  of 
tiieir  body  at  right-angles  to  the  other.  With  greatly  increased 
numbers  ^f  trypanosomes  in  a  fly  at  any  period  after  mfection 
there  is,  in  most  cases,  a  large  proportion  of  forms  with 


285 


Fig.  1. 


Fig.  2. 


Fig.  3. 


Fig.  4. 


Flo.  la.  Ttypanosome  with   micro-nncleus   half  way  between 
extremity  and  nucleus.  ^ 

l^'  J^-yP=^°o«o°i«  ^ith  micro-nucleus  at  side  of  nucleus. 
±iG.  2.   forms  with  anterior  micro-nuclei. 
Fig.  3,    Common  dividing  form. 
Fig.  4.   "  Budding  oflF"  of  one  of  the  smallest  forms. 


anterior  inieronuclexis.  In  some  cases,  however,  all  the  trypano- 
somes found  in  a  fly  are  practically  normal  in  appearance,  the 
micronucleus  being  near  the  posterior  extremity.  Of  the  two 
''fresh"  flies  which  contained  trypanosomes,  one  contained 
torms  almost  all  of  which  had  an  anterior  micronucleus,  the  other 
showed  almost  "normal"  trypanosomes.  Rosettes  of  trypano- 
somes have  been  seen  in  both  fresh  and  stained  preparations. 
In  these  rosettes  the  trypanosomes  are  joined  directly  by  their 
posterior  extremities;  there  is  no  central  mass  of  protoplasm. 
They  vary  from  very  distinct  rosettes  of  4  to  7  trypanosomes  to 
large  loosely  woven  masses  of  ]5  to  20,  most  of  which  are 
joined  at  their  extremities,  but  some  of  which,  either  naturally, 
or  in  making  the  preparation,  are  a  little  separated  and  lie 
entangled  among  the  others.  When  observed  in-  a  fresh 
preparation  these  rosettes  become  smaller  from  breaking  away 
of  some  of  the  individuals  ;  there  is  nothing  in  tlie  nature  of 
agglutination.  In  some  rosettes  every  trypanosome  belonged 
to  the  type  in  which  the  micronucleus  is  anterior.  Other 
rosettes  were  composed  of  forms  with  the  micronucleus  either 
at  the  side  of  the  nucleus  or  touching  it  posteriorly.  One 
stained  preparation  showed  a  mass  of  trypanosomes  visible 
with  a  hand  lens.  It  consisted  of  a  long  strip  of  trypanosomes 
lying  side  by  side,  closely  opposed  to  each  other,  and  four  or 
five  deep.  It  had  the  appearance  of  a  mass  or  colony 
formed  by  progressive  multiplication.  Several  oval  forms  of 
trypanosome  have  been  observed  Avith  a  darkly  staining  blue 
protoplasm,  macro-  and  a  micronucleus.  These  oval  forms 
frequently  have  a  capsulated  appearance,  possibly  due  to  the 
remains  of  the  flagellum.  In  the  examination  of  these  flies  the 
whole  gut  was  dissected  out  in  each  case,  and  its  various  parts 
mixed  with  normal  saline  examined  fresh.  If  examined  soon 
after  re-feeding  the  fly,  the  trypanosomes  are  confined  to  the 
dark,  altered  blood  in  the  lower  gut.  but  later  on  they  swarm 
throughout  the  blood  in  the  whole  alimentary  tract.  As  in  the 
case  with  cerebro-spinal  fluid  or  gland  juice,  the  medium 
surrounding  the  trypanosomes  in  the  fly  was  found  to  binder 
staining  of  the  chromatin.  Accordingly  films  were  made  and 
fixed  while  still  wet  in  osmic  vapour.  They  Avere  then  treated 
with  an  application  of  fresh  blood  serum,  as  recommended  by 
Lieut.-Colonel  Leishman  for  sections  containing  trypanosomes. 
This  was  then  washed  off  and  they  were  stained  by  Leishman's 
stain.  This  method  gives  a  very  clear  staining  of  the 
chromatin  elements,  and  they  are  not  obscured  by  the  gi-anulee 
in  the  protoplasm,  which  stain  a  deep  blue. 

4.  Call  infection  be  conveyed  to  an  animal  by  inoculating  these 
trypanosomes  from  the  intestine  of  the  fly  ? 

The  following  experiments  have  been  done  in  connection 
with  this  point :  Monkey  380  was  injected  with  the  intestinal 
contents  of  a  fly  which  had  been  fed  on  an  infected  monkey 
120  hours  previously  and  re-fed  in  the  usual  way.    This  fly 
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ooiitaiiied  eiionuous  numbers  of  tiypauosomes.    The  luoukey 
was  frequently  examined,  but  never  found  infected.    49  days 
later  the  contents  of  10  flies,  which  had  fed  24  hours  previously, 
were  ejected.    A  drop  of  the  fluid  injected  showed  numerous 
active   trypanosomes,  but  the  monkey  remained  uninfected. 
Monkey  381  was  inoculated  with  the  contents  of  20  flies  which 
had  been  infected  96  hours  previously  (and  re-fed).    49  days 
later  the  animal  died.    Its  blood  was  frequently  examined  up  to 
the  time  of  death,  but  never  showed  trypanosomes.     Death  in 
this  case  was  probably  due  to  a  long  captivity.     Monkey  882, 
a  dupHcate  experiment  to  381,  has  never  shown  trypanosomes! 
Monkey  395  was  injected  with  the  contents  of  10  flies  which 
had  fed  24  hours  previously.    It  died  21  days  later,  never 
havmg  shown  trypanosomes.    Monkey  396  was  inoculated  with 
the  contents  of  ten  "24.hom-"  flies.    This  animal  was  also 
unmfected.    The_  natural  conclusion  is,  that  infection  cannot 
be  produced  by  inoculation  of  trypanosomes  from  the  intestine 
of  the  fly,  and  this  same  conclusion  was  arrived  at  by  Colonel 
Brace  when  experimenting-  with  the  trypanosome  of  iNTagana. 

5.  Can  trypanosomes  travel  from  the  intestine  to  the  salivary 

gland  of  the  fly  ? 

1.  The  sahvary  gland  of  a  fly  which  had  been  infected  144 
hours  previously  (and  re-fed  as  usual)  was  dissected  out.  This 
fly  contamed  great  numbers  of  trypanosomes  in  its  intestine, 
many  of  them  showed  forms  with  an  anteriorly  placed 
micronucleus.  The  salivary  gland,  on  examination,  showed 
numbers  of  actively  motile  trypanosomes.  On  staining,  most 
of  these  trypanosomes  appeared  to  be  the  ordinarv  forms  as 
seen  in  the  blood,  but  there  Avere  a  few  forms  similar  to  those 
seen  m  the  gut. 

2.  In  the  "  fresh  "  fly  noted  above,  which  contained 
numerous  trypanosomes  of  almost  the  ordinary  form  in  its  e-ut 
the  salivary  gland  was  also  found  to  contain  numbers  of 
trypanosomes.  The  salivary  gland  was  broken  up  in  normal 
salt  solution  and  injected  into  a  monkey,  but  it  had  been  kept 
for  some  time  before  this  was  done,  and  the  trypanosomes  had 
lost  most  of  their  activity.  In  a  stained  preparation  these 
trypanosomes  were  like  the  forms  ordinarily  seen  in  the  blood 

^nTr  ""l  '"•^'^f  ^'u  P^'^«^^t,  15  days,  this 

monkey  has  not  shown  trypanosomes.  None  of  the  series  of 
monkeys  on  which  the  flies  were  re-fed  has  as  yet  shown 
trypanosomes.  nuuwu 
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(Plates  I— XI.) 

It  is  now  generally  accepted  that  Sleeping  Sickness  is  a  chronic 
disease  caused  by  the  Trijpanosoma  Gamhiense,  the  usual  mode  of 
infection  being  by  a  biting  fly,  the  Glossina  palpalis. 

Material  Used. 
iBy  the  desire  of  the  Committee  of  the  Eoyal  Society  on  Tropical 
Diseases,  Colonel  Bruce  gave  instructions  to  his  assistants,  and  they 
have  forwarded  to  me  from  Entebbe  material  from  : — 

(1)  Twenty-four  cases  of  sleeping  sickness  in  natives. 

(2)  Portions  of  the  brains  of  eight  monkeys  experimentally 
inoculated  with  T.  Gamhiense. 

(3)  Two  oxen  infected  with  Jinga  trypanosome  (probably  a  species 
of  Nagana),  and  one  donkey  infected  with  mule  trypanosome. 

(4)  The  tissues  of  a  monkey  that  died  two  years  after  infection 
by  T.  Gamhiense,  which  showed  the  typical  lesions  of  sleeping  sickness 
recorded  by  Captain  Harvey  and  Major  Leishman. 

(5)  The  brain  of  a  rabbit  that  died  three  months  after  inoculation 
with  Surra, 

(6)  The  tissues  of  two  European  cases  of  sleeping  sickness.  The 
results  of  one  case  under  the  care  of  Sir  Patrick  Manson  have  been 
recorded.  The  histological  examination  of  the  other  case,  for  the 
material  of  which  I  am  indebted  to  Dr.  Eose  Bradford,'  will  be 
published  in  full  later,  although  it  may  be  remarked  that  the  results 
entirely  confirm  previous  observations. 

The  tissues  have  been  preserved  in  Forraol  or  Forraol-Miiller 
solution,  or  they  have  been  sent  already  embedded  in  paraffin  after 
having  been  hardened  for  a  short  time  in  5  per  cent,  formalin  solution. 
Sections  were  cut  of  either  5  or  10  thickness. 
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Staining  Methods. 

The  following  staining  reagents  were  used  for  the  sections  cut  in 
paraffin  : 

(1)  Eomanowsky,  Leishman,  Polychrome  blue  and  eosin.  These 
stains  were  relied  on  to  show  the  existence  of  trypan osomes  or  their 
degenerated  products,  lymphocytes,  plasma  cells  and  other  cells 
m  the  meningeal  and  perivascular  infiltrations.  It  was  found  that 
the  polychrome  blue  and  eosin  also  revealed  the  glia  cells  because 
the  body  of  the  cell  and  processes  stain  pink,  the  nucleus  blue. 
These  staining  methods  served  also  in  conjunction  with  the  Gram 
method  for  the  discovery  of  micro-organisms. 

(2)  Heidenhain  haemotoxylin,  Van  Giesson  and  modified  Mallory 
and  Weigert  methods  were  used  for  differentiating  the  neuroglia  cells 
and  their  processes. 

(3)  The  Marchi  and  jSTew  Weigert  methods  for  showing  the  acute 
and  chronic  nerve  fibre  destruction.  For  this  purpose  the  material 
was  embedded  in  celloidin. 

By  one  or  several  of  these  methods  combined,  observations  were 
made  regarding  the  following  points  : 

(a)  The  existence  of  trypanosomes,  degenerated  products  of 
trypanosomes  or  Leishman  bodies. 

(b)  Changes  in  the  nerve  cells  of  the  brain,  spinal  cord  and  spinal 
gangli. 

(c)  Changes  in  the  pia-arachnoid  membranes,  the  blood  vessels  and 
lymphatic  structures  especially  with  reference  to  (1)  the  endothelial 
cells,  (2)  the  neuroglia  cells,  the  branches  of  some  of  which  form  the 
supporting"  trabeculse  of  the  perivascular  lymph  spaces,  and  (8)  the 
lymphocyte  and  plasma  cell  infiltration  characteristic  of  sleeping 
sickness. 

{d)  The  existence  of  micro-organisms. 

(e)  The  degeneration  of  nerve  fibres  and  glia  substitution. 

It  may  be  mentioned  that  in  a  number  of  instances  sections  of  the 
lymphatic  glands,  some  of  which  were  removed  during  life  and  others 
post-mortem,  were  examined  by  the  same  method.  The  principal 
pathological  conditions  observed  were  either  drawn  or  photographed. 

An  epitome  of  most  of  the  cases  is  given  in  the  form  of  an 
Appendix  to  this  communication,  together  with  reference  to  notes  and 
observations  made  at  Entebbe  by  the  members  of  the  Commission 
under  whose  care  the  cases  were.  Also  observations  and  notes  made 
by  myself  on  the  examination  of  the  tissues. 
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PAET  I. 
Introduction. 

In  every  case  of  sleeping  sickness  in  which  symptoms  of  the 
disease  were  observed  during  Hfe,  I  have  found  the  same  chronic 
meningo-cncephahtis  which  I   first   described  in  1898,  and  which 
has  been  since  confirmed  by  the  Portuguese  Commission,  and  others. 
I  did  not  in  those  two  cases  find  evidence  to  support  the  view  that  this 
disease  was  caused  by  microbial  infection,  but  in  the  material  received 
since  from  Uganda,  I  was  surprised  at  the  large  proportion  of  cases, 
nearly  80  per  cent.,  which  showed  diplo-coccal  or  diplo-streptococcal 
infection.    It  is  therefore  not  to  be  wondered  at  that  the  Portuguege 
authorities  should  at  first  have  considered  this  organism  the  essential 
cause,  or  that  Casteliani  should,  before  he  discovered  the  trypanosoma 
in  the  cerebro-spinal  fluid,  have  considered  the  diplo-streptococcus  a 
specific  micro-organism  for  this  disease ;  or  that  he   should  have 
regarded  it  afterwards  as  playing  an  important  part  in  producing 
secondary  or  terminal  infection  and  causing  the  death  of  the  patient, 
— with  which  I  was  myself  in  agreement.    But  numbers  of  facts  have 
accumulated,  conclusively  establishing  the  etiology  of  the.  disease,'  (1) 
the  death  of  Europeans  suffering  with  T.  Gambiense  infection  long 
after  they  have  left  the  country  where  the  disease  is  endemic ;  (2)  the 
production  of  the  characteristic  lesions  in  monkeys  by  experimental 
inoculation ;  (3)  the  absence  of  the  lesion  in  any  other  conditions  of 
infection  than   trypanosome  infection ;   (4)   the  chronicity  of  tbe 
disease  as  shown  by  European  cases;  (5)  the  existence  of  cases  of 
sleeping  sickness  only  when  the  T.  Gambiense  and  the  G.  palpalis 
co-exist,  as  first  demonstrated  by  Colonel'  Bruce.    There  is  therefore 
no  doubt  that  the  trypanosome  infection  is  alone  the  cause  of  the 
disease ;  but  how  the  trypanosomes  produce  this  characteristic,  we 
might  say  specific,  morbid  change  in  the  central  nervous  system  we  do 
not  know.    Nor  has  either  histological  examination  or  experiment  so 
far  solved  the  question. 

There  is  a  parallelism  between  the  intensity  of  the  lethargy,  the 
chronicity  of  the  disease,  and  the  characteristic  histological  changes  in 
the  central  nervous  system. 


SLEEPING  SICKNESS  AND  OTHER  THYPANOSOME  INFECTIONS 


Personal  observations  during  life  on  cases  which  died  in  England, 
and  reference  to  the  symptoms  and  their  duration,  of  cases  at  Uganda, 
convince  me  that  the  above  statement  is  true,  for  I  have  found  by 
microscopical  examination  of  the  tissues  that  those  cases  which 
showed  the  most  pronounced  cell  infiltration  of  the  membranes  and 
the  perivascular  spaces  were  the  most  chronic,  and  exhibited  during  life 
most  severe  lethargy,  vide  cases  619  and  21.  Whereas  one  case,  which 
had  long  suffered  with  T.  Gambiense  in  the  blood  and  enlarged  glands, 
but  which  manifested  no  signs  of  lethargy  (viz.,  Bara  Eisgallah, 
p.  31),  died  after  a  ten  days'  illness  from  pneumonia  and  pneumo- 
coccic  meningitis,  the  brain  and  cord  showing  no  perivascular  cell 
infiltration  in  those  situations  where,  in  sleeping  sickness,  it  is  most 
abundant,  namely,  the  subcortical  white  matter  and  the  internal 
capsule. 

The  tissues  of  Dr.  Bradford's  case  of  sleeping  sickness  in  a 
European  who  had  left  Africa  ^  years,  and  had  therefore  certainly 
suffered  with  trypanosome  infection  for  that  period  of  time,  showed 
much  more  chronic  and  extensive  histological  change  than  the 
nervous  tissues  of  Sir  Patrick  Hanson's  patient,  who  died  of  sleep- 
ing sickness  in  less  than  tb^  years  after  leaving  Africa.  My 
observations,  however,  serve  to  show  that  secondary  microbial  in- 
vasion of  the  blood  was  the  immediate  cause  of  death  in  the  latter 
case  not  long  after  she  had  commenced  to  manifest  signs  of  sleeping 
sickness  (vide  Bibliography). 

Morbid  Changes  in  Lymphatic  Stkuctures. 

The  disease  is  characterised  by  a  chronic  polyademtis  {Greig), 
which  is  subsequently  followed  by  a  chronic  inflammatory  change  in 
the  lymphatics  of  the  brain  and  spinal  cord. 

All  the  observers  from  the  earliest  time  have  noticed  the 
enlargement  of  the  lymphatic  glands ;  and  Greig,  at  my  suggestion, 
punctured  the  glands  and  examined  the  fresh  juice.  He  is  of  opinion, 
from  his  observations,  that  this  is  an  easier  and  more  reliable  mode 
of  determining  the  existence  of  T.  Gambieiise  than  examination  of 
the  blood  or  cerebro-spinal  fluid.  Dutton  and  Todd  came  to  the 
same  conclusion  working  in  the  Congo  State.  Many  natives  in 
Uganda  and  the  Congo  State  have,  however,  enlarged  glands,  and 
yet  are  not  the  subjects  of  sleeping  sickness.  They  may  be,  however> 
and  probably  in  nearly  all  cases  are,  candidates  for  the  disease. 
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Do  the  trypanosomes  get  into  the  glands  and  multiply  there, 
setting  up  a  chronic  inflammatory  process  which  terminates  in 
fibrosis?  The  glands  may  be  inflamed  and  enlarged,  and  yet  be 
sterile  as  regards  micro-organisms.  It  is  probable  that  the  trypano- 
somes infect  the  lymphatic  glands  by  escaping  from  ruptured  capil- 
laries, or  they  may  become  infected  by  the  cerebro-spinal  fluid  when 
this  secretion  contains  trypanosomes.  Similarly  by  capillary  haemor- 
rhage the  trypanosomes  may  infect  the  cerebro-spinal  fluid  and  the 
lymphatic  structures  of  the  central  nervous  system.  If  the  trypano- 
somes can  set  up  chronic  inflammatory  changes  in  the  lymphatic 
glands,  (as  there  is  no  doubt  they  do),  and  microscopic  examination 
of  sections  reveals  but  occasional  and  scanty  evidence  of  their  pre- 
sence, it  is  quite  reasonable  to  suppose  that  they  can  similarly  produce 
chronic  inflammatory  changes  in  the  lymphatic  structures  of  the 
central  nervous  system.  We  do  not  know  if  the  trypanosomes  pro- 
duce this  chronic  irritation  by  their  mere  mechanical  presence,  which 
seems  unlikely,  seeing  that  the  vessels  may  be  crammed  with  trypano- 
somes in  Nagana  and  Surra,  without  causing  lymphangitis.  There 
is,  according  to  Plimmer,  Thomas  and  Anton  Breine,  however,  no 
experimental  evidence  that  trypanosomes  produce  a  chemical  toxin ; 
although  that  would  seem  the  most  probable  cause  of  the  chronic 
inflammatory  change.  The  numbers  of  trypanosomes  found  in  the 
cerebro-spinal  fluid  are  in  no  way  proportional  to  the  changes  found 
in  the  central  nervous  system.  Yet  there  is  considerable  evidence 
(vide  Sleeping  Sickness  Reports,  Eoyal  Society),  to  show  that  not 
until  trypanosomes  are  found  in  the  cerebro-spinal  fluid  does  the 
chronic  inflammatory  change  take  place.  If  they  existed  in  abundance 
instead  of  sparsely,  we  might  consider  that  this  fluid  afforded  a  suit- 
able medium  for  their  propagation,  and  the  absence  normally  of 
leucocytes  in  this  fluid  might  be  accounted  a  cause.  On  the  other 
hand,  the  small  quantity  of  proteids  which  the  cerebro-spinal  fluid 
contains  would  not  admit  of  suitable  nutrition. 

The  posterior  spinal  ganglia  always  show  some  chronic  changes, 
proliferation  of  the  endothelium  of  the  lymphatic  capsules  of  the 
ganghon  cells,  together  with  interstitial  lymphocyte  accumulation; 
and  these  chronic  changes  may  be  due  to  the  absorption  of  toxins 
from  the  neighbouring  infected  paravertebral  glands. 

In  practically  all  cases  of  sleeping  sickness,  the  cervical  glands  are 
enlarged,  and  the  most  chronic  change  is  found  about  the  base  of 
the  brain.    Hence  a  probability  that  the  chronic  inflammation  of  the 
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lymphatics  spreads  along  the  nerves,  spinal  ganglia  and  roots  to  the 
central  nervous  system,  and  especially  along  the  lymphatics  of  the 
nerves  and  vessels  entering  the  base  of  the  skull.  Examination  of 
other  tissues,  e.g.,  the  heart,  pericardium,  liver,  alimentary  canal  and 
testicles,  shows,  though,  generally  speaking,  in  far  less  degree,  an 
mfiltration  and  accumulation  of  lymphocytes  in  the  lymphatics, 
suggestmg  a  defensive  reaction.  In  fact,  it  might  be  considered  that 
there  is  for  a  long  period  of  time  a  struggle  between  the  phagocytes 
and  the  trypanosomes  in  the  blood,  and  it  is  not  until  the  former 
commence  to  succumb  in  the  defensive  struggle  of  the  organism, 
that  the  symptoms  of  sleeping  sickness  become  pronounced.  Cer- 
tamly  in  very  chronic  cases  I  have  been  struck  by  the  few  poly- 
nuclears  to  be  seen  in  the  transected  blood  vessels  as  compared  with 
small  and'  large-celled  mononuclears,  even  when  the  patient  has  died 
with  terminal  microbial  invasion. 

The  chronic  inflam7natory  cha^ige  of  the  nervous  system  is  mani- 
fested by  a  proliferation  and  overgrowth  of  the  neuroglia  cells,  especially 
of  those  which  are  related  to  the  subarachnoid  space  and  perivascular 
lymph  spaces,  with  accumulation  and  probably  proliferation  of  lympho- 
cytes in  the  mesh  work.  In  chronic  cases  plasjna  cells  of  Marscholko, 
similar  to  those  in  the  lymphatic  glands,  may  be  found.  Various 
other  cells  are  met  with  in  less  numbers,  some  being  the  result  of 
degenerative  changes  and  others  of  endothelial  origin,  and  possessing 
a  phagocytic  activity.  The  characteristic  morbid  change  affects  the 
soft  membranes  and  the  vessels. 

The  membranes. — By  the  several  differential  staining  methods 
employed,  sections  of  the  cerebral  cortex,  the  base  of  the  brain,  the 
cerebellum  and  the  spinal  cord  exhibit  a  chronic  leptomeningitis. 
The  chronic  inflammatory  process  is  most  marked  where  the  cerebro- 
spinal fluid  is  most  abundant,  and  it  consists  of  cell  proliferation  and 
cell  infiltration. 

The  neuroglia. — There  is  a  marked  subpial  felting  in  the  mole- 
cular layer  of  the  cortex  in  chronic  cases ;  and  in  all  cases  there  is 
some  degree  of  subpial  and  septal  prohferation  of  the  neuroglia.  It 
is  not  merely  an  increase  numerically  of  the  neuroglia  cells,  but  an 
increase  in  size  of  the  body  of  the  cell,  and  increase  in  the  number 
and  thickness  of  the  processes.    In, chronic  cases  it  may  be  almost 


'  These  large-celled  mononuclears  are  the  result  of  proliferative  activity  in  the 
red  marrow  of  bone.  This  tissue  was  not  sent  to  me,  but  I  have  had  the  opportunity 
of  examining  bone  marrow  from  one  or  two  cases. 
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as  pronounced  as  in  some  cases  of  general  paralysis  {vide  figs., 
Plates  II  and  III,  and  figs.  3  and  5,  Plate  IX). 

Cell  infiltration. — The  irritative  process  afiecting  the  arachnoid 
serous  membrane  is  manifested  not  only  by  proliferation  of  the 
neuroglia  cells  contained  in  the  adjacent  nervous  substance,  but  also 
by  a  proliferation  of  the  endothelial  cell-nuclei  and  an  infiltration  of 
the  pia  arachnoid  membrane  with  lymphocytes  which  may  become 
transformed  into  plasma  cells  of  Marscholko.  All  stages  of  transition 
from  a  lymphocyte  to  a  plasma  cell  can  be  seen  just  as  in  the  inflamed 
lymphatic  glands  {vide  fig.  4,  Plate  IV,  and  fig.  2,  Plate  I).  These 
plasma  cells,  which  are  found  more  often  in  the  perivascular  infiltra- 
tions, have  a  characteristic  appearance  and  staining  reaction.  As  the 
cytoplasm  of  the  lymphocyte  grows  the  nucleus  with'  its  wheel-like 
chromatin  particles  remain  at  one  end  of  the  cell,  and  a  clear  halo 
separates  one  side  of  the  nucleus  from  the  cytoplasm.  The  nucleus 
stains  blue,  the  cytoplasm  pink  {vide  fig.  4,  Plate  IV). 

The  vessels. — The  striking  feature  of  this  disease,  distinguishing 
it  from  all  other  chronic  nervous  affections  with  which  I  am  familiar, 
is  the  universal  perivascular  cell-infiltration  of  the  central  nervous 
system  {vide  fig.  3,  Plate  II).  This  infiltration  is  most  marked  and 
appears  earliest  in  regions  where  the  cerebro-spinal  fluid  is  most 
abundant.  It  is  therefore  very  marked  about  the  vessels  of  the 
medulla  and  pons,  the  cerebellum  and  the  arteries  which  perforate 
the  base  of  the  brain.  It  exists  around  the  vessels  of  the  whole  of 
the  pia  corticalis  and  spinahs  and  is  obviously  related  to  the  lymphatic 
system  {vide  plates  and  photoniicrographs).  As  a  rule  I  think  the 
infiltration  is  more  pronounced  in  the  deep  sub-cortical  white  matter 
than  elsewhere.  This  may  be  due  to  the  fact  that  the  vessels  of  the 
deep  sub-cortical  white  matter  have  a  different  source  and  distribution, 
and  their  surrounding  lymphatics  drain  into  the  subarachnoid  space 
at  the  base  of  the  brain.  An  examination  of  any  vessel  in  a  well 
advanced  case  reveals  characteristic  appearances  {vide  figs.,  Plates  I, 
II,  and  III).  The  infiltration  under  a  high  power  is  seen  to  consist  of 
an  extensive  proliferation  and  increase  in  size  of  the  neuroglia  cells, 
which  by  their  branching  processes  form  the  sustentacular  framework 
{vide  figs.,  Plate  I,  and  figs.  1,  2,  3,  4,  Plate  II).  Entangled  in  the 
mesh  work  are  the  lymphocytes  and  proliferated  nuclei  of  the  glia 
cells  or  endothelial  nuclei. 

The  relative  proportion  of  lymphocytes  to  the  neuroglial  and 
endothelial  nuclei  varies  in  different  cases.    There  are  other  cells,  viz., 
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plasma  cells  of  Marscholko  {vide  fig.  3,  Plate  I),  also  large  round  or 
oval  cells  with  the  nucleus  staining  deep  blue  and  pushed  up  to  one 
end  or  pole,  the  cytoplasm  consisting  of  a  number  of  clear  spherules 
stained  byeosin,  giving  the  cell  a  mulberry  appearance;  hence  I  have 
called  these  cells  morular  cells.  They  correspond  to  the  Kornchen- 
zellen  of  Alzheimer.  The  appearance  of  these  cells  suggests  degene- 
rated plasma  cells.  Similar  cells  are  seen  in  the  degenerated 
structures  of  infected  lymphatic  glands.  Besides  these  granulation 
cells,  the  result  of  degenerative  processes,  there  are  large  macrophages 
containing  red  blood  corpuscles  in  various  stages  of  dissolution  (vide 
fig.  5,  Plate  III).  These  macrophages  containing  blood  corpuscles, 
when  found  in  the  subarachnoid  space,  indicate  haemorrhage  into  the 
cerebrospinal  fluid,  and  suggest  that  this  is  the  mode  in  which  this 
fluid  becomes  infected  by  the  trypanosomes. 

Some  degree  of  perivascular  neuroglia  proliferation  was  found  in 
two  cases  of  experimental  sleeping  sickness,  when  there  was  no 
obvious  lymphocyte  infiltration  around  the  vessels.  I  have  observed 
neuroglia  proliferation  in  all  cases  of  human  sleeping  sickness.  The 
more  chronic  the  case  the  more  marked,  as  a  rule,  is  the  neuroglia 
proliferation  ;  moreover,  not  only  are  the  neuroglia  cells  more 
numerous  but  they  are  larger,  and  with  more  branching  processes 
{vide  fig.  1,  Plate  II).  In  the  monkey,  which  showed  the  typical 
lymphangitis  of  the  central  nervous  system  characteristic  of  human 
sleeping  sickness,  the  neuroglia  proliferation  was  more  marked  than 
the  lymphocyte  infiltration.  I  have  had  the  opportunity  of  examining  ' 
the  tissues  of  two  European  cases  ;  one,  which  survived  five  years 
after  leaving  Africa,  in  which  sleeping  sickness  symptoms  were 
observed  for  mo^  than  twelve  months  ;  and  the  other,  Mrs.  S.,  who 
only  survived  ife^ee-  years  after  leaving  Africa,  and  in  whom  sleeping 
sickness  symptoms  only  existed  a  few  months,  death  being  brought 
about  by  diplococcal  infection.  Comparative  observations  showed 
that  the  former  case  exhibited  much  more  advanced  morbid  changes 
in  the  lymphatics  of  the  nervous  system. 

Whence  come  the  lymphocytes  in  the  perivascular  spaces  ?  We 
know  that  in  chronic  cases  both  the  small  and  large  mononuclears 
increase  in  the  blood  and  the  polymorphonuclears  diminish  ;  indeed, 
in  some  of  the  very  chronic  cases  transections  of  the  vessels  showed 
hardly  any  polymorphonuclears,  even  though  there  had  been  a 
terminal  diplo-streptococcal  infection.  Sometimes  quite  a  number  of 
small  and  large  mononuclears  can  be  seen  amidst  the  red  blood 
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corpuscles  of  transected  vessels  (vide  fig.  1,  Plate  I).  There  is  a 
considerable  difference  of  opinion  whether  lymphocytes  can  migrate 
by  diapedesis  ;  according  to  Schultze  and  Ehrlich  they  are  incapable 
of  exhibiting  amoeboid  movements.  Ranvier,  however,  has  observed 
amoeboid  movements  in  the  lymphocytes  squeezed  from  lymphatic 
glands,  and  Jolly  has  observed  amoeboid  movements  in  lymphocytes 
taken  from  the  thoracic  duct. 

It  is  very  difficult  to  assert  that  the  lymphocytes  seen  in  the  blood 
of  vessels  in  sections  do  pass  through  the  walls  of  the  vessels. 
Certainly  the  appearances  suggest  that  this  may  be  the  source  of 
the  lymphocytes  in  the  cerebro-spinal  fluid  in  sleeping  sickness  and 
other  chronic  diseases  of  the  nervous  system.  There  is,  however,  no 
proof  that  they  do.  What  other  hypothesis  can  be  offered  for  this 
vast  accumulation  of  lymphocytes  in  the  perivascular  lymph  channels 
and  spaces  ?  The  arachnoid  space  may  be  considered  to  be  a  serous 
sac,  and  there  is  a  very  close  similarity  in  the  appearances  presented 
by  the  perivascular  lymphatics  of  the  nervous  system  in  sleeping 
sickness,  and  the  perilymphangeal  nodules  of  developing  lymphoid 
nodules  of  the  omentum  described  by  Klein,  and  figured  in  Quain's 
"  Anatomy."  The  serous  membranes  and  lymphatic  channels  and 
clefts  of  other  organs  may  be  affected  in  this  disease,  as  shown  by 
accumulations  of  lymphocytes  (vide  figs.  2  and  3,  Plate  X). 

The  meningeal  and  perivascular  cell  proliferation  and  infiltration 
of  the  central  nervous  system  may  he  regarded  as  the  result  of  a  chronic 
irritative  process  connected  with  the  presence  of  the  trypaiiosomes  in  the 
cerebrospinal  fluid. 

This  cell  proliferation  and  infiltration  is  made  up  of  proliferated 
branching  neurogha  cells,  in  which  are  entangled  lymphocytes  and 
proliferated  endothelial  nuclei  and  possibly  young  neuroglia  cells  with 
a  small  amount  of  cytoplasm.  The  origin  of  the  lymphocyte  infiltra- 
tion is  uncertain  ;  it  may  be  (1)  that  the  lymphocytes  come  from  the 
blood  by  diapedesis  or  by  rupture  of  vessels,  and  having  entered  the 
cerebro-spinal  fluid  proliferation  takes  place;  (2)  that  they  accumulate 
in  the  obstructed  lymph  channels  of  the  perivascular  lymphatics  ;  they 
may  be  formed  by  the  proliferating  nuclei  of  the  lymphatic  endothelial 
cells,  the  same  as  they  appear  to  be  in  lymphatic  glands.  But  besides, 
there  is  the  chronic  inflammation  of  the  lymphatic  glands,  generally 
terminating  in  fibrosis,  which  may  obstruct  the  drainage  of  the 
cerebro-spinal  fluid  from  the  closed  cerebro-spinal  cavity  along  the 
lymphatics  of  the  cranial  and  spinal  nerves.     Universal  chronic 
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inflammation  of  the  lymphatic  glands  terminating  in  an  obstructive 
fibrosis  would  tend  to  block  the  flow  of  the  cerebro-spinal  fluid  and 
lead  to  accumulation  of  proliferating  lymphocytes. 

There  is  considerable  difficulty  in  distinguishing  between  nuclei 
of  glia  cells  and  lymphocytes.  The  chromatin  particles  of  the  gha 
cells,  usually  two  or  three,  he  in  a  pale  nucleoplasm.  The  nuclei 
of  the  neurogha  cells  are,  as  a  rule,  larger  than  lymphocytes  {vide 
fig.  4,  Plate  II,  and  fig.  4,  Plate  X).  They  undergo  active  prolifera- 
tion not  only  in  the  perivascular  spaces  but  in  the  tissues.  The 
young  glia  cells  lie  in  pairs,  or  fours,  or  more,  and  may  have  but 
little  cytoplasm  surrounding  the  nucleus. 

Examination  of  slides  of  the  fresh  juice  of  the  glands  obtained 
during  life  by  puncture  and  stained  for  trypanosomes,  proves  conclu- 
sively tJiat  the  cause  of  the  glandular  enlargement  and  of  the  chronic 
inflammatory  changes  met  with,  is  the  presence  of  trypanosomes.  Yet 
the  microscopic  evidence  of  the  existence  of  trypanosomes  in  the  sections 
of  the  glands  is  not  more  satisfactory  than  the  evidence  of  their 
existence  in  the  perivascular  and  7neningeal  infiltration  of  the  nervous 
tissue.  Chromatin  particles  which  may  be  micronuclei  and  macro- 
nuclei  can  be  seen  as  well  in  one  as  in  the  other,  and  smears  of  fresh 
brain  sometimes  reveal  trypanosomes  just  as  the  smears  of  glands. 

Smears  of  glands  removed  during  life  from  the  necks  of  natives 
suffering  with  T.  Gambiense,  but  not  yet  manifesting  signs  of  sleeping 
sickness,  although  sterile  as  regards  micro-organisms,  showed  trypano- 
somes and  degenerated  products  of  trypanosomes  in  the  form  of  small 
and  large  chromatin  rings  (macronuclei  and  micronuclei).  Sections 
of  the  same  glands  exhibited  macronuclei  and  micronuclei  and, 
occasionally,  a  trypanosome.  As  the  glands  were  sterile,  it  may 
be  presumed  that  the  trypanosomes  were  the  cause  of  the  swelling 
and  chronic  inflammatory  changes.  The  sections  showed  increased 
vascularity  and  lymphocytes  in  all  stages  up  to  the  formation  of  large 
plasma  cells  of  Marscholko  (as  shown  in  fig.  4,  Plate  IV.),  and  large 
numbers  of  degenerated  swollen  plasma  cells  like  those  seen  occa- 
sionally in  the  perivascular  lymph  spaces  of  the  brain  in  sleeping 
sickness.  Moreover,  some  of  the  large  cells  appeared  to  be  endo- 
thelial cells  which  have  taken  on  a  phagocytic  function  and  eaten 
up  lymphocytes  and  chromatin  particles.  The  endothelial  cells  have 
proliferated  in  these  inflamed  glands,  and  there  is  a  tendency  to 
fibrosis,  nuclear  prohferation  and  thickening  of  the  trabeculae  and 
walls  of  the  lymph  sinuses  and  vessels.    Later  these  glands,  when 
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the  inflammation  subsides,  become  fibrous,  dense  and  less  vascular. 
Quite  similar  appearances  were  observed  in  glands  removed  during 
life  from  the  neck  in  cases  of  pronounced  sleeping  sickness.  These 
glands  were  frequently  sterile,  but  the  majority  which  I  received  that 
were  removed  post  mortem,  and  quite  a  number  even  removed  during 
life,  showed  points  of  suppuration  in  their  interior,  and  an  infection 
with  diplostreptococci.  I  have,  however,  come  to  the  conclusion  that 
these  organisms  only  play  the  part  of  a  terminal  or  late  secondary 
infection  due  to  the  breaking  down  of  the  defences  of  the  organism. 
This  diplostreptococcal  invasion  must,  however,  play  an  important 
part  in  hastening  the  fatal  termination. 

In  a  discussion  which  took  place  at  the  meeting  of  the  British 
Medical  Association  at  Toronto,  August,  1906,  when  I  demonstrated 
the  histological  changes  in  the  nervous  system  of  some  chronic 
trypanosome  infections.  Professor  Welch  called  attention  to  the  fact 
that  Councilman  had  shown  that  in  every  fatal  case  of  small-pox 
streptococcal  invasion  occurred.  He  asked  whether  the  absorption 
of  microbial  toxins  could  be  absolutely  excluded  as  a  cause  of  the 
histological  changes.  In  reply  I  stated  that,  undoubtedly,  the  fatal 
termination  was  hastened  in  a  large  number  of  cases  by  the  microbial 
invasion,  and  my  observations  had  shown  that  a  systematic  examina- 
tion of  the  lymphatic  glands  had  led  to  the  demonstration  of  organisms 
where  microbial  invasion  had  not  been  suspected.  Yet  the  etiology 
of  the  disease  and  the  study  of  some  of  the  chronic  fatal  cases,  and 
particularly  the  European  case  under  the  care  of  Dr.  Bradford, 
showed  that  the  trypanosomes,  apart  from  microbial  invasion,  caused 
the  characteristic  changes  in  the  nervous  system. 

In  marked  chronic  cases  of  sleeping  sickness  the  appearances  pre- 
sented by  the  lymphatic  glands  resemble  in  many  ways  the  infiltration 
of  the  perivascular  lymphatics  of  the  central  nervous  system.  In  the 
latter  there  are  proliferated  lymphocytes,  granule  cells,  plasma  cells, 
proliferating  endothelial  cells,  occasional  degenerated  trijpanosoryies  and 
numerous  chroinatin  particles,  many  of  which  are  probably  micronuclei 
and  macronuclei,  entangled  in  the  markedly  proliferated  neuroglial 
sustentacular  f  ramework.  Figs.  4  and  6,  Plate  V.,  show  this  correspond- 
ence of  the  histological  appearance  in  the  lymph  sinus  of  the  gland  and 
the  perivascular  lymphatics  of  the  brain. 

We  may  therefore  conclude  that  the  presence  of  the  trypanosomes 
in  these  perivascular  lymphatics  in  the  subarachnoid  space  (as 
evidenced  by  their  constant  existence  in  the  cerebro-spinal  fluid, 
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sometimes  in  such  numbers  as  to  be  found  without  centrifuging) 
might  cause,  as  in  the  lymphatic  glands,  this  chronic  lymphatic  inflam- 
mation of  the  central  nervous  structures.  Infection  of  the  cerebro- 
spinal fluid  may  be  from  the  lymphatic  glands,  or  more  likely  from 
the  blood  by  capillary  haemorrhages.  The  European  cases  and  the 
few  animals  which  have  shown  the  characteristic  lesions  have  all 
Hved  over  eighteen  months  after  infection  ;  it  consequently  takes  time 
to  effect  the  change.  Lymphatic  gland-enlargeraeut  is  characteristic 
of  all  forms  of  chronic  trypanosomiasis  of  animals. 

All  cases  of  sleeping  sickness  have  trypanosomes  in  the  cerebro- 
spinal fluid  at  some  time  or  other,  and  it  is  probable  that  the  entrance 
of  the  trypanosomes  into  this  fluid  marks  the  onset  of,  and  slowly 
causes,  the  chronic  inflammatory  change  in  the  lymphatic  system  of  the 
central  nervous  system.  The  alternative  hypothesis  is  that  the  trypano- 
sovies,  by  multi^plying  in  the  lymphatic  glands, produce  a  toxin  lohich  is 
absorbed  by  the  lymphatics,  and  this  toxin  proceeds  along  the  vessels 
and  nerves  to  the  lymphatics  of  the  cerebrospinal  axis,  the  route 
being  especially  from  the  cervical  glands  by  the  lymphatics  of  the  large 
vessels  and  nerves  entering  the  base  of  the  skull. 

This  chronic  inflammation  of  the  lymphatics  of  the  brain  with 
perivascular  glia  cell  proliferation,  lymphocyte  and  plasma  cell 
accumulation  gradually  and  progressively  interferes  with  the  flow  of 
the  lymph  stream  and  the  circulation  of  the  cerebro-spinal  fluid.  It 
is  not  decided  whether  the  cerebro-spinal  fluid  functions  as  the  lymph 
of  the  brain,  or  whether  it  simply  forms  a  water  jacket  around  the 
lymphatic  sheath  which  is  closely  applied  to  the  wall  of  the  blood- 
vessel. The  lymphocytes  and  glia  cells  certainly  fill  up  this  space 
and  interfere  with  the  normal  outflow  of  the  fluid  from  the  cerebro- 
spinal cavity ;  consequently  when  lumbar  puncture  is  performed 
there  is  usually  evidence  of  increased  pressure  ;  moreover  the  fluid 
contains  abundance  of  lymphocytes.  This  increased  intracranial 
pressure  interferes  also  with  the  circulation  of  the  blood  in  the 
small  vessels,  and  the  characteristic  symptoms  of  the  disease,  viz., 
lethargy,  tremors  and  muscular  weakness,  may  be  explained  by  the 
functional  depression  of  the  nerve  cells  from  a  deficient  nutrition 
and  interference  with  oxidation  processes,  brought  about  by 
mechanical  and  bio-chemical  interferences  with  the  activities  of 
the  nerve  cells,  and  not  by  neural  destruction.  This  is  shown  by 
the  patients  retaining  comprehension  of  their  surroundings  and  by 
their   intelligent  response   to   questions   when   roused   from  their 
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lethargy.  A  totally  different  picture  to  general  paralysis  (also  a 
meningo-encephalitis)  in  which  there  is  a  profound  parenchymatous 
change,  whereas  sleeping  sickness  is  a  primary  interstitial  process; 
although  later  on  in  the  disease,  especially  when  it  is  chronic  and 
of  long  standing,  marked  chromolytic  cell  changes  and  a  certain 
amount  of  destructive  degeneration  of  the  neurons  do  occur. 

CKA.NGES  IN  THE  SmALL  VESSELS  AND  CAPILLARIES. 

The  capillaries  in  the  pia  and  in  the  brain  tissue  show  the  following 
changes,  but  these  are  not  nearly  so  marked  as  in  general  paralysis 
of  the  insane. 

The  nuclei  of  the  endothelial  cells  may  undergo  proliferation,  and  in 
the  neighbourhood  of  the  capillaries  and  small  vessels  there  are  often 
numerous  lymphocytes,  plasma  cells  and  glia  cells ;  but  I  fail  to  find 
evidence  of  sprouting  new  capillaries  as  seen  in  general  paralysis,  nor 
can  I  but  very  rarely  find  any  evidence  of  the  Stabchenzellen  or 
rod  cells  described  by  Alzheimer,  and  regarded  by  him  as  very 
characteristic  of  this  disease.  These  Stabchenzellen,  I  consider, 
are  probably  collapsed  capillaries  {vide  fig.  6,  Plate  II). 

Capillary  hasmorrhages  are  met  with  in  all  forms  of  trypano- 
some  disease,  and  probably  are  the  result  of  obstruction  by  the 
organisms. 

Changes  in  the  Neural  Elements. 

Although  the  meninges  are  in  many  cases  obviously  thickened 
and  the  convolutions  flattened  (indication  of  some  intracranial 
pressure),  yet  there  is  no  naked  eye  wasting  of  the  brain.  The 
depth  of  the  grey  matter  of  the  cerebral  cortex  is  not  appreciably 
diminished,  although  the  vessels  both  in  the  grey  and  white  matter 
may  appear  somewhat  congested.  In  very  chronic  cases,  after  the 
brain  has  been  hardened  in  formol-Miiller  solution,  then  washed 
in  water,  the  transections  of  the  vessels  may  appear  like  dark  dots 
surrounded  with  a  pearly  grey  ring.  The  dark  centre  is  due  to  the 
blood  contained  in  the  vessel,  and  the  surrounding  zone  of  a  pearly 
grey  colour  is  due  to  the  perivascular  cell  infiltration. 

I  have  not  observed  granulation  of  the  ependyma  of  the  ventricles, 
so  charMcteristic  of  the  meningo-encephalitis  of  general  paralysis  of 
the  insane.    Moreover  the  wasting  of  the  grey  matter  of  the  cerebral 
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cortex,  so  characteristic  of  this  disease,  is  not  met  with  in  sleeping 
sickness.  The  convolutions  are  broad  and  of  normal  size,  and  the 
sulci  tend  to  be  obHterated  in  sleeping  sickness ;  whereas  in  general 
paralysis  the  convolutions  are  shrunken  from  atrophy  of  the  neural 
elements,  cells  and  fibres,  and  the  sulci  are  consequently  broad  and 
deep.  In  both  diseases  there  is  obvious  meningeal  thickening,  and 
septal  and  perivascular  changes,  but  here  it  seems  to  me  the  similarity 
ends.  But  this  statement  becomes  more  apparent  and  convincing 
when  the  microscopic  changes  are  described.  Moreover,  a  comparison 
of  the  size  of  the  remaining  structures  of  the  central  nervous  system 
show  that  in  general  paralysis  there  is  a  primary  neuronic  atrophy 
which  does  not  occur  in  sleeping  sickness.  Thus  to  the  naked  eye 
the  spinal  cord  in  the  latter  disease  may  appear  normal  as  regards 
amount  of  grey  and  white  matter,  whereas  in  general  paralysis  the 
cord  is  often  much  reduced  in  size,  and  there  is  very  obvious  neuronic 
atrophy. 

The  naked  eye  appearances  therefore  point  especially  to  a  priynary 
parenchymatous  degeneration  in  general  paralysis  with  chronic 
interstitial  and  meningeal  inflammation,  lohereas  in  sleeping  sickness 
the  morbid  change  is  pri7narily  interstitial  and  zoith  some  secondary 
parenchymatous  atrophy. 

Microscopic  Examination  of  the  Nerve  Cells  and  Fibres. 

Cells. — Stained  by  the  various  modifications  of  Nissl  method, 
sections  of  the  various  structures  of  the  central  nervous  system, 
viz.,  cortex  cerebri,  cerebellum,  pons,  medulla  oblongata  and  medulla 
spinalis,  also  spinal  ganglia,  exhibited  certain  changes,  but  in  com- 
parison to  the  interstitial  perivascular  and  meningeal  change  they 
were  inconsiderable,  thus  contrasting  markedly  with  general 
paralysis. 

Let  us  consider,  firstly,  the  cortex  cerebri.  Under  a  low  power, 
the  five  layers  of  Meynert  can  usually  be  easily  differentiated.  The 
most  obvious  change  is  in  the  subpial  molecular  layer  of  Cajal,  but 
the  three  layers  of  pyramids  above  the  layer  of  granules  are  usually 
distinctly  seen,  the  cells  usually  retaining  their  pyramidal  form, 
their  apical  processes  being  straight  as  a  rule,  and  the  cells  arranged 
in  columns,  a  picture  quite  different  to  that  seen  in  general  paralysis. 

The  abnormal  feature,  apart  from  the  perivascular  infiltration,  is 
the  abundance  of  nuclei  of  neuroghal  cells  and  lymphocytes  scattered 
about  and  often  lying  in  groups  in  the  perineuronal  spaces  {vide 
photomicro). 
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The  great  majority  of  the  specimens  of   nervous  tissues  from 
sleeping  sickness  cases  which  I  have  examined,  have  shov^^n  marked 
changes  in  the  ganghon  cells  of  the  central  nervous  system  v^'hen 
examined  under  a  high  power.    I  have  reason  to  believe  that  these 
changes  are  largely  due  to  the  effects  of   secondary   or  terminal 
microbial  infection,  to  pyrexia,  or  in  some  cases,  hyperpyrexia.  But 
a  terminal  or  secondary  microbial  invasion  with  toxaemia  and  fever 
would  produce  universal  effects,  and  in  such  cases  one  finds  that 
throughout  the  nervous  system  the  ganglion  cells  present  a  chromo- 
lytic  change,  the  whole  ganglion  cell  staining  with  polychrome  and 
eosin  a  diffuse  purple,  and  showing  an  absence  of  the  Nissl  pattern  of 
the  cytoplasm.    In  the  first  case  I  examined  in  1898,  the  patient  died 
of  septic  hyperpyrexia  from  an  abscess  in  the  lung.    Although  the 
interstitial  meningeal  and  perivascular  change  was  most  pronounced, 
the  neuronic  degeneration  was  comparatively  slight,  although  the 
patient  was  in  the  third  stage  of  the  disease.    The  outline  and  shape 
of  the  ganglion  cells  of  the  central  nervous  system  did  not  present 
marked  changes,  but  every  cell  showed  a  diffuse  chromolytic  change. 
This  was  obviously  due  to  the  high  fever.    Nevertheless,  in  chronic 
cases  marked  chromolytic  changes  and  atrophy  of  dendrons  do  occur 
in  the  ganglion  cells,  especially  in  those  regions  where  the  perivascular 
infiltration  is  most  severe,  and  where,  in  consequence,  a  certain 
amount  of  blood  stasis  takes   place.    I  have  observed  this  in  the 
medulla  oblongata  ;  and  the  affection  of  the  important  cardiac  and 
respiratory  centres  in  this  region  may,  in  a  few  uncomphcated  cases, 
be  the  ultimate  cause  of  death.    The  changes  in  the  ganglion  cells 
may  therefore  be  considered  as  due  (1)  to  the  primary  lymphangitis, 
and  (2)  to  secondary  microbial  toxaemia.    It  is  difficult  to  differentiate 
the  cells  which  are  affected  by  the  one  cause  from  the  other. 

I  consider,  however,  that  the  chronic  change  is  indicated  in  those 
cells  in  which  (1)  there  are  appearances  of  atrophy  of  the  dendrons, 
the  protoplasmic  processes  being  either  attenuated  or  broken  off; 
(2)  the  cytoplasm  still  exhibits  some  remnants  of  a  pattern  of  Nissl 
granules  in  the  circumference  of  the  cell  and  on  the  dendrons  ;  (3)  the 
nucleus  is  large  and  clear  and  often  eccentric.  Sometimes  a  dead 
ganglion  cell  may  be  seen  being  devoured  by  phagocytes  [mde  figs., 
Plate  VI).  The  cells  of  the  spinal  cord  usually  show  much  less 
change  than  the  cells  of  the  medulla  oblongata  and  cerebral  cortex. 
The  cells  of  the  posterior  spinal  ganglion  usually  show  chromatolysis, 
but  not  destruction  {vide  fig.  1,  Plate  VII). 
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The  appearance  of  the  cells  in  acutely  fatal  trypanosome  infec- 
tions, e.g.,  Surra  and  Jinga  in  animals,  could  be  accounted  for  by  the 
anaemia  caused  by  the  blood  change  and  the  obstruction  of  the  small 
vessels  by  the  trypanosomes.  In  the  brain  of  the  rabbit  dying  of 
Surra,  the  ganglion  cells  all  showed  a  shrinking  of  the  cytoplasm, 
a  marked  chromatolysis  and  disappearance  of  the  Nissl  granules,  and 
swelling  of  the  nucleus,  and  a  change  not  unlike  that  observed  in  some 
forms  of  experimental  anaemia  {vide  fig.  3,  Plate  VIII). 

Changes  in  the  Central  Canal  of  the  Spinal  Cord. 

Not  only  is  there  evidence  of  a  chronic  irritative  action  of  the 
cerebro-spinal  fluid  by  the  cell  proliferation  in  the  meningeal  and  peri- 
vascular lymphatics,  but  in  all  chronic  cases  the  central  canal  of  the 
spinal  cord  is  filled  up  owing  to  a  proliferation  of  the  cells  of  the 
ependyma.  I  found  this  had  occurred  in  quite  juvenile  subjects.  It 
was  so  in  the  little  Congo  negro  boy,  who  died  in  Charing  Cross 
Hospital  in  1898,  and  I  was  of  opinion  then  that  this  fact  afforded 
evidence  of  a  very  chronic  nervous  affection  caused  by  some  irritating 
agent  (vide  fig.  1,  Plate  X).  It  was  the  same  with  the  juvenile 
cases  from  Uganda,  Sempagana,  aged  8,  Hamesi,  aged  12,  and  Kaperi, 
aged  8-10.  Such  change  denotes,  then,  a  chronic  process  of  consider- 
able duration.  It  is  probable  in  the  light  of  our  present  knowledge 
of  the  possible  long  duration  of  the  disease  that  these  subjects  were 
infected  when  quite  infants. 

Examined  under  a  high  power,  the  nuclei  of  the  cells  lining  the 
spinal  canal  may  often  be  seen  undergoing  active  proliferation,  and 
specimens  stained  with  polychrome  and  eosin  exhibit  large  "pale 
nuclei  with  a  thin  membrane  and  chromatin  granules  stained  blue 
surrounded  by  a  pale  pink  amorphous  substance.  In  the  grey  matter 
around  the  central  canal  numerous  glia  cells  having  a  similar 
appearance  can  be  seen. 

Examination  of  the  Central  Nervous  System  for  Fibres  by 
Weigert  and  Marchi  Methods. 

In  cases  uncomplicated  by  terminal  microbial  infection  there 
is  a  certain  amount  of  fibre  atrophy  proportional  to  the  cell  atrophy 
described.  This  atrophy  is  most  obvious  in  the  tangential  layer  of 
the  cortex  cerebri,  where  the  fibres  in  places  are  greatly  diminished, 
or  even  absent.  There  may  also  be  some  diminution  of  the  fibres  in 
the  super-radial  and  inter-radial  systems,  especially  in  chronic  cases. 
There  is,  however,  in  the  brain  as  in  the  spinal  cord,  no  definite 
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system-tract  sclerosis,  the  result  of  atrophj^  of  a  neuronic  system 
(vide  figs.  1,  2,  4,  Plate  IX).  Generally  in  the  lateral  columns  corre- 
sponding to  the  pyramidal  systems  some  degenerated  fibres  can  be 
seen  by  Marchi  method,  but  the  glia  proliferation  tends  to  follow  the 
distribution  of  the  septa  rather  than  to  accord  with  any  definite 
atrophy  of  a  system  of  nerve  fibres  (vide  fig.  5,  Plate  IX). 

By  Marchi  method,  the  cerebrum,  cerebellum,  spinal  cord  and 
spinal  ganglia  were  examined  in  a  number  of  cases.  In  most  instances 
the  results  were  unsatisfactory  owing  to  a  generally  diffuse  blackening 
of  the  myelin  sheaths  and  the  deposition  of  black  granules.  I  consider 
this  change^  was  probably  the  result  of  acute  changes  in  the  myelin, 
brought  about  by  terminal  microbial  toxaemia,  fever,  &c.  Some  few 
of  the  cases,  however,  did  not  show  this  generalised  change  in  the 
myelin,  and  a  certain  number  of  fibres  showing  Wallerian  degeneration 
were  found.  These  changes  we  may  regard  as  definite  and  indicative 
of  neuronic  decay. 

The  results  above  described  tend  to  show  that  a  chronic  trjjpanosome 
infection  of  the  cerebrospinal  fluid  causes  a  meiiingo-encephalitis  and 
myelitis  characterised  by  a  chronic  interstitial  iiiflammation  of  the 
lymphatic  structures  of  the  central  nervous  system,  and  the  cell  pro- 
liferation induced  thereby  precedes  and  is  far  in  excess  of  the  parenchy- 
matous change,  contrasting  markedly  therefore  with  the  meningo 
encephalitis  of  general  paralysis.  It  resembles  general  paralysis  by 
the  infiltration  around  the  vessels  of  lymphocytes  and  plasma  cells  and 
by  the  neuroglia  proliferation. 

In  sleeping  sickness,  even  in  advanced  stages  of  the  lethargy,  the 
patient  when  aroused  comprehends  and  responds  in  an  intelligent 
manner  to  questions,  proving  that  his  associative  memory  is  intact. 
Although  he  readily  becomes  fatigued  and  his  speech  and  movements 
are  tremulous,  denoting  impairment  of  highest  motor  innervation,  yet 
there  is  no  evidence  of  dementia  as  seen  in  general  paralysis. 

These  clinical  facts,  which  broadly  separate  these  two  diseases, 
entirely  accord  with  the  pathological  changes.  The  neural  elements  in 
sleeping  sickness  are  functionally  impaired  by  the  interstitial  change, 
but  when  the  patient  is  roused  the  neural  elements  of  mind  are  still 
capable  of  functioning  for  a  short  time  in  a  normal  manner.  But  in 
general  paralysis,  where  the  interstitial  change  is  less  marked  but  the 
parenchymatous  degeneration  is  progressive  and  destructive  of  neural 
elements,  the  mind  is  proportionally  incapable  of  functioning  normally. 

'  I  have  observed  this  in  other  diseases  when  there  has  been  an  infective  process, 
especially  when  the  tissues  have  been  placed  in  formol-Miiller.  I  do  not,  therefore 
attach  much  importance  to  it. 
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In  conclusion,  it  may  be  asked,  If  the  trypanosomes  are  the  cause  of 
this  chroaic  inflammation  of  the  central  nervous  system,  why  are  they 
not  found  in  the  infiltration  and  in  the  blood  in  sections  ? 

The  T.  Gambiense  is  only  found  by  careful  search  in  blood  films. 
They  are  seen  with  great  difficulty  in  sections  unless  they  exist  in  the 
blood  in  considerable  numbers. 

Secondary  or  Terminal  Microbial  Invasion. 

After  death,  in  the  great  majority  of  the  cases  which  I  have 
examined  secondary  or  terminal  microbial  infection  had  occurred. 

Sometimes  the  diplococci  were  found  in  sections  of  the  blood 
vessels  as  well  as  in  the  membranes,  indicating  a  generalised  infection 
{vide  fig.  2,  Plate  V.,  and  fig.  6,  Plate  IV). 

The  culture  experiments  of  Novy  and  McNeal  show  that  infection 
of  the  culture  media  by  micro-organisms  interferes  with  the  growth  of 
the  trypanosomes.  The  cases  in  which  I  found  trypanosomes  in  the 
blood  contained  in  sections  of  vessels  of  the  nervous  system,  were  two 
chronic  cases  uncomplicated  as  far  as  I  know  by  microbial  infection. 
In  the  European  case,  under  the  care  of  Sir  Patrick  Manson,  the 
histological  investigation  of  which  Low  and  I  reported,  the  trypano- 
somes disappeared  from  the  blood  a  short  time  before  death  ;  this  was 
coincident  with  a  generalised  diplo-streptococcal  invasion. 

How  far  diplo-streptococcal  invasion  of  hjmphatic  glands  may 
generate  toxins  vnthout  general  blood  infection  and  induce  chronic 
changes  in  the  lymphatics  of  the  central  nervous  system  I  am  not 
prepared  to  say. 

The  fact  that  swollen  glands  in  the  neck  removed  during  life  are 
sterile  does  not  prove  that  other  glands  in  the  body,  which  cannot  be 
removed  are  sterile.  Deep  seated  glands  may  be  infected  by  micro- 
organisms. Possibly  it  may  be  shown  that  as  long  as  the  body  is 
able  to  resist  bacterial  invasion  the  trypanosomes  are  unable,  by 
themselves,  to  produce  the  changes  which  cause  sleeping  sickness. 
There  is,  however,  vere  little  evidence  of  this  hypothesis,  and  it  must 
be  assumed  that  in  some  way  (which  we  have  not  at  present  dis- 
covered) the  trypanosomes,  or  some  modified  form  of  them,  set  up 
this  lymphangitis  of  the  central  nervous  system.  When  there  was  an 
invasion  of  the  central  nervous  system  by  diplococci,  it  seemed  pro- 
bable that  this  occurred  by  way  of  the  lymphatics  proceeding  from 
infected  paravertebral  glands.  Sections  of  the  cervical  nerves,  spinal 
ganglia  and  posterior  roots  in  some  cases  enabled  me  to  trace  the 
course  of  the  microbial  infection  {vide  fig.  1,  Plate  IV). 
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PART  II. 

Experimental  Evidence. — Animals  inoculated  with  T.  Gambiense 
usually  die  before  the  characteristic  lesions  of  the  nervous  system  can 
occur.  I  have  examined  the  tissues  of  nine  animals  (monkeys) 
which  were  inoculated  at  Entebbe  in  one  way  or  another  with 
T.  Gambiense.  They  were  all  said  to  have  exhibited  the  character- 
istic lethargy,  but  it  is  very  difficult  to  differentiate  (according  to 
my  experience)  between  a  monkey  that  sits  moping  when  profoundly 
ill,  and  an  animal  which  exhibits  a  lethargy  on  account  of  the  brain 
lesion. 

The  tissues  of  the  brains  of  all  the  animals  sent  to  me,  with  the 
exception  of  two,  showed  no  characteristic  change.  The  vessels  of 
the  brain  were  empty  and  there  was  no  meningeal  or  perivascular 
infiltration.  Several  of  these  animals  had  survived  the  infection  (as 
proved  by  the  existence  of  trypanosomes  in  the  blood)  one  year.  One 
was  subsequently  infected  with  diplo-streptococcus  from  a  sleeping 
sickness  case  ;  yet  there  was  no  sign  of  the  meningo-encephalitis  met 
with  in  every  case  of  human  sleeping  sickness.  This  was  the 
experience  apparently  of  Ayres  Kopke. 

(1)  The  tissues  of  one  monkey  inoculated  with  T.  Gambiense 
showed,  however,  the  characteristic  lesion  of  human  sleeping  sickness. 
This  case  was  reported  by  Major  Leishman  and  Captain  Harvey. 
It  survived  the  infection  eighteen  months.  I  have  examined  portions 
of  the  tissues  kindly  given  to  me  by  Major  Leishman  and  find  that 
there  is  a  very  marked  neuroglia  proliferation  of  the  perivascular 
lymphatics,  endothelial  cell  proliferation  and  lymphocyte  accumu- 
lation, and  a  few  plasma  cells  around  the  vessels  of  the  brain  in  all 
the  situations  examined.  In  fact,  the  lesion  in  no  respect  differs 
essentially  from  that  of  human  sleeping  sickness  {vide  fig.  2, 
Plate  III).  The  cerebro-spinal  fluid  and  tissues  in  this  case  were, 
according  to  Leishman,  sterile. 

(2)  A  monkey,  upon  which  large  numbers  of  infected  flies  were 
allowed  to  feed  on  several  successive  occasions,  exhibited  trypano- 
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somes  in  the  blood  and  cerebro-spinal  fluid,  and  died  eight  months 
after  the  first  fly  feeding,  having  presented  symptoms  of  lethargy. 
Reports  of  the  Sleeping  Sickness  Commission  of  the  Eoyal  Society, 
No.  VI.,  pp.  107  and  108. 

The  subcortical  white  matter  of  this  animal  showed  a  considerable 
glia  cell  proliferation  in  relation  to  the  vessels  {vide  fig.  1,  Plate  III), 
but  there  was  little  evidence  of  lymphocyte  accumulation.  The 
spinal  cord  also  showed  a  glia  proliferation  (vide  fig.  3,  Plate  IX). 
It  is  possible,  therefore,  that  the  gha  cell  prohferation  precedes  the 
lymphocyte  accumulation  in  the  perivascular  spaces. 

(3)  Monkey  99."  The  medulla  oblongata  and  tissues  about  the 
base  of  the  brain  showed  a  commencing  subpial,  septal  and  peri- 
vascular glia  proliferation. 

Examination  of  the  nervous  tissues  of  animals  inoculated  with 
Nagana,  Surra  and  Jinga  trypanosomes,  and  which  died  within  a  few 
months  of  infection,  the  blood  swarming  with  trypanosomes,  or 
modified  or  degenerated  trypanosomes,  showed  no  perivascular  or 
meningeal  changes. 

(1)  The  brain  of  a  rabbit  inoculated  with  Surra,  which  died  three 
months  later,  was  kindly  given  me  by  Dr.  Plimmer,  and  showed  the 
following  appearances  in  sections.  By  any  of  the  staining  methods 
employed  nearly  all  the  blood-vessels  showed  masses  of  trypanosomes,  as 
the  coloured  drawings  exhibit  (vide  figs.  2,  3,  and  4,  Plate  VIII).  Single 
trypanosomes  could  be  seen  in  the  capillaries  ;  in  the  larger  vessels 
solitary  trypanosomes  and  whorls  of  trypanosomes  and  plasmodial 
masses,  which  are  either  degenerated  trypanosomes  consisting  of  a 
zoogloeal  mass  in  which  many  deeply-stained  macro-nuclei  and 
micro-nuclei  can  be  seen,  or  of  amoeboid  forms,  described  by 
Plimmer  and  Bradford.  But  in  spite  of  this  extraordinary  trypano- 
some  infection  the  blood-vessels  showed  little  or  no  inflammatory 
reaction.  The  perivascular  lymph  spaces  showed  no  lymphocytes ; 
and  the  ganglion  cells  showed  only  marked  chromolytic  changes ; 
otherwise  there  was  nothing  noteworthy  in  the  nervous  system. 

(2)  The  brains  of  two  oxen  infected  with  Jinga  trypanosomes 
were  examined.  The  animals  died  within  three  months  of  infection  ; 
the  results  of  the  examinations  were  extremely  interesting  and  will 
be  given  in  some  detail. 

Experiment  162  {loc.  cit.,  p.  171).  —  The  cortex  cerebri,  the 
cerebellum,  medulla  and  spinal  cord  were  examined,  and  all  yielded 
the  same  results.     With  a  magnification  of  1,200  diameters,  the 
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capillaries  amj  vessels  were  found  to  contain  chromatin  bodies 
closely  resembhng  Leishman  bodies,  except  that  they  were  smaller, 
measuring  from  1  to  2  yu,,  much  more  frequently  1  /i,  rarely  as 
large  as  2  fi.  They  were  either  circular  or  oval  rings,  or  had  the 
appearance  of  the  chromatin  particles  situated  at  the  two  poles. 
Several  drawings  from  photomicrographs  are  given  to  illustrate  their 
appearance  and  their  numbers.  Some  of  the  capillaries  show 
immense  numbers,  and  in  some  transections  of  larger  vessels  these 
bodies  may  be  observed  lying  in  a  zooglcBal  mass  {vide  figs.  3,  4,  and 
5,  Plate  VII). 

Individual  bodies  exhibit  some  diversity  in  their  form,  indicating 
division.  A  large  number  of  stained  particles  (which  may  be  micro- 
nuclei)  can  be  seen. 

The  Jinga  trypanosome,  as  the  accompanying  drawing  shows 
{vide  fig.  2,  Plate  VII),  is  comparatively  a  large  organism,  as  seen 
in  the  blood  of  a  monkey,  which  was  inoculated  with  it.  Its  oval 
macro-nucleus  is  much  larger  than  these  chromatin  bodies  which 
are  seen  in  the  vessels.  If  these  chromatin  bodies,  as  Leishman 
would  affirm,  are  the  macro-nuclei  of  trypanosomes,  then  it  is  difficult 
to  explain  why  a  dozen  or  more  of  the  chromatin  bodies  can  some- 
times be  seen  lying  in  a  space  which  could  be  covered  by  one 
trypanosome.  Still,  the  trypanosomes  may  have  degenerated  else- 
where and  the  macro-nuclei  have  been  carried  into  the  capillaries. 
In  view,  however,  of  the  researches  of  Captain  Rogers  regarding 
Leishman  bodies  being  altered  phases  of  trypanosomes,  and  the  con- 
tention of  Plimmer  and  Bradford  re  the  existence  of  amoeboid  forms 
of  trypanosomes,  it  is  possible  that  these  chromatin  bodies  may  be 
some  phases  in  the  life  of  the  trypanosomes  in  the  blood.  For 
comparison  a  drawing  is  given  of  the  appearances  presented  by 
Leishman  bodies  in  the  spleen  and  splenic  blood  from  preparations 
kindly  lent  by  Sir  Patrick  Manson.  The  preparations  were  made 
from  a  fatal  case  of  Kala-Azar. 

Experiment  202  Ox  {he.  cit.  p.  174).— This  animal  died  within 
three  months  of  infection.  Portions  of  the  brain  were  stained  in 
bulk  by  polychrome  and  eosin  and  sections  cut  5  thickness  after 
embedding  in  paraffin. 

In  this  way  the  contents  of  the  vessels  were  but  little  disturbed 
so  that  trypanosomes  existing  in  the  serous  fluid  contained  in  the 
blood  vessels  were  recognisable  in  great  numbers.  The  appearances 
of  the  trypanosomes  and  their  modified  forms  are  seen  in  fig.  1, 
Plate  VIII. 
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It  may  be  mentioned  that  m  these  two  cases  there  was  no  sign 
of    memngo-encephahtis,    and    there   was    no  diplo-streptococcal 
infection.     The  ganglion  cells  showed   chromolytic  changes,  and 
there  were  many  mmute  capillary  hcBmorrhages,  probably  due  to 
plugging  of  the  capillaries  by  the  organisms.     I  have  frequently 
observed    m    the    lymphatic    glands,   meninges    and  perivascular 
lymphatics  of  the  brain  of  sleeping  sickness,  chromatin  rings,  very 
similar  to,  only  smaller  than  the  chromatin  rings  seen  in  the  vessels 
of  Jmga  and  Surra  infected  animals,  of  the  trypanosomic  origin  of 
which  there  can  be  no  shadow  of  doubt.    It  is  therefore  probable 
that  a  number  of  the  chromatin  particles  seen  in  the  tissues  of 
sleeping  sickness  are  all  not  debris  of  degenerated  cells  but  debris  of 
degenerated  trypanosomes  or  their  modifications.    Especially  would 
this  argument  be  valid  if  the  tissue,  as  in  the  case  of  the  glands 
removed  during  life,  had  been  shown  to  be  sterile.    Moreover,  I  have 
seen   appearances  in  sections  of  lymphatic  glands  removed  during 
life,  of  threadhke  attenuated  forms  of  trypanosomes  resulting  from 
division,  not  unlike  those  figured  by  Gray  and  Tulloch  as  multiplying 
by  fission  in  the  stomach  of  the  G*palpalis  {vide  figs.  1  and  2,  Plate  V). 

The  experiments  on  animals,  together  with  the  examination  of 
the  central  nervous  system  of  a  horse  that  died  of  dourine  more  than 
two  and  a  half  years  after  infection  (a  full  account  of  which  has  been 
pubHshed  in  the  *  Proceedings  of  the  Boyal  Society,  B.,  Vol.  78, 
1906),  tend  to  show  that  chronic  trypanosomiasis  is  attended  by  a 
chronic  lymphatic  irritation.  This  irritation  is  manifested  m  the 
nervous  system  by  a  neurogha  proliferation,  and  subsequent  lym- 
phatic proliferation  and  accumulation. 

Animals  that  die  within  a  few  months  of  inoculation  have  not 
survived  a  period  of  time  long  enough  to  manifest  this  neurogha 
proliferation. 

It  is  probable  that  animals  infected  directly  by  blood  from  sleeping 
sickness  cases  containing  T.  Gambiense  might,  if  they  were  inoculated 
in  the  abdomen  or  hind  legs,  show  changes  in  the  spinal  cord  before 
they  showed  changes  in  the  brain.  This  may  account  for  the  fact 
that  Plimmer's  rats  only  showed  changes  in  the  spinal  cord ;  and  in 
dourine  or  mal  de  coit  the  changes  in  the  central  nervous  system  are 

*  Since  the  above  was  published  Dr.  Lingard  has  kindly  forwarded  to  me  from  the 
Imperial  Bacteriological  Laboratory  of  India  the  nervous  tissues  of  other  animals 
that  have  died  of  Dourine,  wherein  I  have  found  the  same  change,  though  less 
marked. 
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primarily ,  and  most  markedly  severe  in  the  lumbo-sacral  region  of 
the  spinal  cord,  especially  of  the  posterior  and  lateral  columns. 

Further  experiments  on  animals  should,  in  my  opinion,  be  carried 
out,  anthropoid  apes  being  used,  and  the  neck  should  be  chosen  as 
the  seat  of  inoculation. 

In  conclusion,  I  have  to  thank  my  assistant,  Mr.  Chas.  Geary, 
for  valuable  assistance  in  making  the  microscopic  preparations,  and 
Miss  Agnes  Kelley  for  assistance  in  making  preparations,  especially 
for  the  very  accurate  and  beautiful  drav^ings  illustrating  this  Eeport. 

I  have  appended  a  short  report  of  the  changes  in  the  glia  tissue 
of  sleeping  sickness  by  Dr.  Georg  Eisath  (see  next  page). 
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ADDENDUM. 

A  Detailed  Desceiption  of  the  Neuroglia  Changes  in  the 
Brain  and  ,  Spinal  Cord  of  Eight  Cases  of  Sleeping 
Sickness.    By  Dr.  Georg  Eisath,  Hall,  Tyrol. 

Dr.  Eisath  has  for  some  time  past  been  investigating  the  changes 
in  the  neuroglia  by  a  special  differential  method  of  staining,  which 
he  has  described  in  a  communication  entitled  "  Ueber  normale  un 
pathologische  Histologie  der  Menschlichen  Neui'Oglia."  Monatsschrift 
fur  Psychiatrie  und  Neurologie.    Band  xx. 

As  he  was  working  upon  this  subject  in  my  laboratory,  I  placed 
at  his  disposal  the  nervous  tissues  of  eight  cases  of  human  sleeping 
sickness  which,  by  reason  of  their  condition  and  mode  of  hardening 
and  preservation,  were  suitable  for  staining  by  his  method. 

Subjoined  is  a  translation  of  the  account  which  he  has  kindly 
sent  me  of  the  results  he  obtained.  They  confirm  and  amplify  the 
observations  which  I  have  described  in  this  Report. 

To  Dr.  Eisath  is  due  the  credit,  by  his  differential  method  of 
staining,  of  showing  the  relative  importance  of  the  glia  cell  pro- 
liferation in  the  perivascular  infiltrations  and  the  quantitative  rela- 
tionship of  glia  nuclei  to  lymphocytes  in  this  disease. 

(1)  The  character  of  the  glia  cells  and  their  differentiation  from 
lymphocytes. — (a)  The  nuclei  of  the  glia  cells  almost  universally  show 
a  distinct  nuclear  membrane  and  possess  normally  two  to  three  nuclear 
bodies,  besides  other  small  granules.  The  leucocyte  nuclei  are  of 
many  forms ;  some  are  round  and  possess  an  abundance  of  granules, 
others  are  lobulated  and  have  an  indistinct  outline. 

(1)  The  glia  nucleus  forms  quite  one-third  of  the  transverse 
diameter  of  the  cell,  whilst  the  nucleus  of  the  leucocyte  fills  up  the 
greatest  part  of  the  cell.  That  is  to  say,  the  glia  cell  has  a  relatively 
much  larger  proportion  of  cell  protoplasm  than  the  leucocyte. 

(c)  The  protoplasm  of  the  glia  cell  is  arranged  in  a  star-like 
manner  around  the  nucleus ;  and  the  border  of  the  cell,  in  normal 
conditions,  is  very  distinctly  seen,  whilst  in  the  leucocytes  it  is  not. 

(2)  The  distribution  and  localisation  of  the  glia  proliferation. — 
The  glia  overgrowth  is  demonstrable  in  every  case  and  the  cells  are 


SLEEPING  SICKNESS  AND  OTHBE  TRTPANOSOME  INFECTIONS 


both  increased  in  numbers  and  size.  Giant  glia  cells  were  observed, 
and  in  every  case  the  Weigert  fibres  are  increased. 

In  the  molecular  layer  of  the  cortex  of  many  cases  the  glia  cells 
are  increased  and  often  show  an  abundant  formation  of  Weigert 
fibres,  especially  around  the  vessels.  In  the  Meynert  ganghon  cell 
layers  the  increase  of  glia  cells  is  relatively  much  less  developed  than 
in  the  superficial  layer  of  the  cortex,  and  in  the  white  substance. 
The  Weigert  fibres,  moreover,  are  only  sparingly  seen.  In  one  case 
(Kirongo)  the  fibre  formation  is  hardly  demonstrable,  and  glia  cells 
with  surrounding  protoplasm  and  processes  are  hardly  recognisable 
in  the  cortex.  The  glia  overgrowth  in  the  white  substance  is,  how- 
ever specially  observable  around  the  larger  vessels.  It  exists  not  only 
around  tJiose  vessels  which  show  leucocijtic  infiltration,  hut  also  around 
capillaries  where  infiltration  with  round  cells  has  not  occurred. 

In  the  medulla  oblongata  the  overgrowth  and  the  morbid  changes 
are  most  extensive. 

In  the  spinal  cord  an  extensive  overgrowth  of  glia  tissue  exists 
by  which  the  individual  nerve  fibres  are  surrounded,  and  this  over- 
growth affects  all  the  tracts  as  well  as  the  grey  matter.  There  is  no 
appreciable  outfall  of  the  medullated  fibres,  only  here  and  there  and 
quite  sparsely  have  the  medullated  fibres  disappeared.  The  glia  cells 
are  numerically  increased  and  increased  in  size  beyond  the  normal. 

(3)  Pathological  changes  in  the  glia  cells. — The  glia  granular 
substance  was  not  precisely  investigated  in  this  work  and  shows,  so  far 
as  the  researches  extend,  in  the  round  glia  cells  no  marked  pathological 
changes. 

Isolated  glia  cells  possess  well  developed  protoplasmic  processes, 
others  enormously  increased  Weigert  fibres.  Some  of  the  glia  cells 
have  a  uniform  homogeneous  stained  protoplasm  as  if  the  nuclear 
substance  had  dissolved  out  or  had  disappeared. 

Such  cells  usually  have  a  dark  brown  stained  nucleus,  whilst  others 
may  have  lost  their  processes  and  are  converted  into  hyaline  halls. 
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APPENDIX. 

Notes  of  the  Cases  op  Sleeping  Sickness  and  Animals  Experi- 
mentally Inoculated,  with  the  Principal  Facts  Observed 
on  Microscopic  Examination  of  the  Tissues. 

(a)  Brief  abstract  of  notes  of  clinical  records. 

(b)  Microscopical  examination  of  tissues. 

(c)  Eemarks. 

1.  Nabujam,  aged  30;  died  April  4,  1903.  Sent  as  a  case  of  sleeping 
sickness,  turned  out  to  be  a  case  of  tumour  cerebri.    No  trypanosomes. 

Microscopical  Examination.  —  No  meningo-encephalitis  ;  no  micro- 
organisms. 

2.  Zakibu.  Admitted  March  22,  1903.  —  Enlarged  glands,  tottering 
gait,  temperature  normal,  no  tremors.  April  14.— General  convulsions,  left 
facial  palsy.  April  16.— Death.  Trypanosomes  in  cerebro-spinal  fluid; 
pneumonia — pneumococcal  invasion  of  blood.  Brain  surface  injected ; 
Subarachnoid  fluid  excess— dull  and  opaque;  no  sign  of  active  or  acute 
meningitis.    The  substance  of  the  brain  appears  healthy  to  the  naked  eye. 

Microscopical  Examination.  —  Chronic  meningo-encephalitis  ;  pneumo- 
coccic  invasion  ;  vessels  of  brain  in  places  plugged  with  cocci. 

3.  Nonbi.  Admitted  -  February  23,  1903.— States  that  three  brothers 
and  four  sisters  all  died  of  sleeping  sickness.  April  18.— General  condition  : 
Enlarged  glands,  no  trophic  changes.  She  is  well  nourished  ;  pronounced 
nervous  symptoms.  She  is  conscious  and  tries  to  answer  questions,  but 
cannot.  She  lies  all  day  absolutely  torpid,  with  her  eyes  open.  There  is 
slight  lateral  nystagmus — pupils  equal,  no  reaction  to  light;  twitching  of 
muscles,  knee  jerk  absent,  no  ankle  clonus.  Died  April  20. — Trypanosomes 
in  cerebro-spinal  fluid.  Post  mortem. — No  signs  of  pneumonia  ;  pericarditis. 
Brain :  Dura  mater  normal ;  convolutions  of  the  surface  of  the  brain  are 
flattened,  the  sulci  filled  with  opaque-looking  subarachnoid  fluid  ;  the 
vessels  are  injected,  otherwise  nothing  abnormal. 

This  is  an  ordinary  case  of  sleeping  sickness.  The  ansemia  may 
have  been  helped  by  ankylostomata.  The  pericarditis  is  an  uncommon 
feature  ;  meningo-encephalitis,  peri-vascular  infiltration  very  marked ;  great 
numbers  of  diplococci  in  the  membranes — between  the  cells  and  in  the 
leucocytes ;  well-marked  advanced  glia  proliferation,  especially  of  deeper 
layers  of  cortex  and  subjacent  white  matter.  Microscopic  examination 
indicates  a  chronic  case. 

5.  Kaperi,  aged  8  to  10  years. — Trypanosomes  in  the  cerebro-spinal  fluid. 
Case  of  purulent  meningitis.  Remarks:  "In  our  experience  these  acute 
inflammatory  cases  are  not  usual.     In  this  case  it  is  evidently  due  to 
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streptococcal  invasion.  This  appearance  is  not  typical  of  sleeping  sickness  : 
as  a  rule,  there  are  no  signs  of  acute  inflammation,  but  merely  a  flattening 
of  the  convolutions,  an  injection  of  vessels,  and  an  excess  of  subarachnoid 
fluid  "  (p.  39,  vol.  i.,  Sleeping  Sickness  Eeports). 

Brain  and  spinal  cord :  No  glands  or  other  tissues  sent ;  acute  diplo- 
streptococcic  meningitis,  the  whole  of  the  meninges  alfected ;  mostly 
a  polymorpho-nuclear  exudation;  not  much  extension  to  perivascular 
lymphatics  of  the  nervous  substance  in  the  cortex  and  spinal  cord,  but 
fairly  well  marked  in  the  medulla  oblongata  and  base  of  brain  (probably 
the  primary  seat  of  the  infection  by  the  micro-organisms).  In  the  medulla 
oblongata  there  are  vessels  in  which  the  inflammatory  exudation  shows 
numbers  of  mononuclear  leucocytes,  and  amorphous  red-stained  granules 
of  varying  size  from  Ifi  to  2^  or  more— probably  the  result  of  coagulation 
necrosis  of  the  broken-up  chromatin  particles  of  the  polymorpho-nuclear 
leucocytes,  and  also  the  diplococci  in  their  capsules.  No  trypanosomes  seen 
in  any  of  these  sections.  The  ganglion  cells  show  acute  chromolytic  and 
coagulative  necrotic  changes. 

5.  Dr.  Nabarro's  Case. — Some  material  was  sent  to  me  by  Dr.  Nabarro. 
The  patient  died  of  pneumonia.  The  ordinary  meningo-encephalitis,  charac- 
teristic of  sleeping  sickness,  was  found,  and  diplococci  in  the  blood  of 
transected  vessels  and  in  the  inflammatory  products. 

6.  Dreya.   Case  69,  E.  B.— Admitted  February  6, 19G3  ;  died  June  12, 1903. 
A  chronic  case  {vide  fig.  1,  Plate  XI).  Trypanosomes  were  obtained  by  lumbar 
puncture  on  J une  2.  Appearances  of  brain  typical  of  sleeping  sickness.  Central 
nervous  system  examined :  no  lymphatic  glands  sent.    All  the  appearances 
of  a  chronic  meningo-encephahtis.    Very  marked  perivascular  infiltration  of 
the  whole  central  nervous  system,  especially  of  the  base  of  the  brain  and 
medulla  oblongata.     No  polymorpho-nuclears   seen  in  the  inflammatory 
exudation,  which  consists  almost  entirely  of  proliferated  gha  cells  of  mono- 
nuclears and  plasma  cells  of  Marscholko,  also  a  number  of  morular  cells. 
The  exudation,  as  seen  in  the  drawing,  is  most  extensive,  and  extends 
to  the  smallest  vessels,  leading  to  their  obliteration  in  some  instances.  The 
capillaries  are  seen  often  to  contain  yellow  amorphous  material  instead 
of  corpuscles.    In  the  meningeal  infiltration,  also  in  the  perivascular  lym- 
phatics are  seen  a  great  number  of  granule  bodies  of  various  sizes.    It  was 
thought  that  some  of  these  granules  might  be  the  products  of  degenerated 
trypanosomes,  as   appearances  like  a   macro-nucleus   and  micro-nucleus 
occasionally  were  seen.    The  great  majority  of  the  granules  were,  however, 
probably  products  of  coagulation  necrosis  of  nuclear  chromatin  particles  of 
dead  cells.    The  ganglion  cells,  especially  of  the  medulla  oblongata,  were 
profoundly  changed.    The  dendrites  were  broken  off,  the  perikaryon  pale 
and  either  devoid  of  Nissl  granules  or  were  broken  up  ;  the  nucleus  was 
swollen,  clear,  pale,  and  often  eccentric.    The  pigment  was  increased ;  all 
these  changes  pomted  to  a  chronic  degenerative  change,  which  may  be  due 
to  the  action  of  the  noxious  agent  which  produces  the  inflammatory  chan-e 
but  more  likely  the  result  of  nutritional  defects  occasioned  by  the  vascular 
changes.    Very  occasionally  a  transected  vessel  would  show  a  portion  of  a 
trypanosome,  and  one  vessel  showed,  in  addition,  a  whole  organism. 
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7.  Case  248. — Suleman  Bin  Mahomed,  aged  about  45  years,  Persian,  the 
first  Asiatic  to  be  affected  at  Entebbe.  Came  originally  from  Busbire  on 
Persian  Gulf.  October  28. — History  :  Has  been  in  Africa  twenty  years,  of 
which  he  spent  the  first  two  years  in  East  Africa.  Has  been  in  Uganda,  on 
and  off,  for  eighteen  years,  and  has  been  down  to  the  coast  twice  in  that 
time.  Latterly  he  has  been  a  "  headman  "  in  the  Government  Transport 
Department,  and  when  at  Entebbe  has  lived  near  the  lake.  In  fact,  for 
some  time  he  has  lived  almost  like  the  natives  and  with  them.  He  became 
ill  two  months  ago,  and  was  then  seen  by  Dr.  Hodges,  whose  report  is  as 
follows : — 

September  2. — There  are  general  tremors,  anaemia,  slight  pyrexia  (tem- 
perature 100°  F.).  Weak,  irregular,  rapid  pulse.  Spleen  shghtly  enlarged. 
Left  otitis  media.  Blood  films  examined,  malaria  found.  October  28. — 
Lumbar  puncture  performed.  Numerous  trypanosomes  seen  in  first  field. 
Many  lymphocytes.    No  red  blood  corpuscles. 

October  31. — Present  state.  Patient  is  a  very  tall  man,  obviously  wasted 
and  ill.  There  is  a  heavy,  sad  look  about  the  face  and  eyes,  vide  photograph. 
General  condition  very  weak  and  feeble  ;  gait  weak  and  staggering.  Voice 
weak.  Marked  tremor  of  tongue  and  lips.  Slight  tremor  of  fingers  and 
hands.  There  is  a  fairly  marked  tremor  of  the  body  and  head.  No  enlarged 
glands  about  neck,  slight  in  groin  (due  to  sore  feet).  Has  pain  in  left  ear, 
due  to  otitis  media.  Pulse  fair  tension,  68  per  minute.  Knee-jerks  sluggish. 
Heart  sounds  feeble,  no  bruit. 

November  6. — Photograph  taken  {vide  fig.  2,  Plate  XI).  November  12. — 
Patient  has  improved  to  a  certain  extent  since  he  has  been  in  hospital.  Died 
later. 

The  brain  showed  the  typical  characters  of  sleeping  sickness.  No 
glands  sent. 

Microscopical  Examination.— Ghromc  meningo-encephalitis  fairly  ad- 
vanced. Not  much  change  in  form  of  the  ganglion  cells  of  the  cortex; 
Meynert's  columns  fairly  well  seen,  but  obvious  acute  toxic  change,  as  all 
the  cells  stain  diffusely  with  the  blue  and  erythrosin  a  dull  purple— doubtless, 
an  acute  toxic  change  due  to  terminal  microbial  infection.  Many  of  the 
transected  vessels  show  plugs  of  streptococci— I  have  never  seen  so  many 
in  the  blood  in  any  condition  previously  ;  short  bacilli  are  seen  also  in  great 
abundance  in  the  perivascular  spaces  {vide  fig.  6,  Plate  III). 

In  the  remaining  cases  the  deep  paravertebral  glands  of  the  neck,  and 
often  other  '  lymphatic  glands,  were  forwarded  at  my  req^iest,  together  toith 
the  adjacent  nerves  and  posterior  roots  and  ganglia,  from  a  good  few  of 
the  cases. 

8.  Case  69,  Q.  Q.— This  was  described  as  an  acute  case  of  sleepmg 
sickness.    No  other  notes. 

Lymphatic  glands  :  Paravertebral  cervical  glands  filled  with  diplo- 
streptococci,  and  in  places  causing  points  of  suppuration.  Great  plugs 
can  be  seen  in  the  lymph  channels,  and  no  doubt  the  escape  of  these  into 
the  blood  stream  led  to  the  general  infection  and  death.  Other  parts  of 
the  gland  show  signs  of  chronic  inflammation  and  necrosis ;  plasma  cells 
are  abundant,  also  granules  of  varying  size.  No  definite  trypanosomes 
seen     Posterior  spinal  ganglion  with  commencement  of  cerebro-spinal  nerve 
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and  spinal  roots  from  cervical  enlargement  near  the  glands  above  described. 
There  is  a  very  marked  perivascular  infiltration ;  the  capsules  of  the  cells 
are  also  crammed  with  lymphocytes  and  the  small  vessels  hardly  observable 
normally  in  the  roots  and  the  mixed  cerebro- spinal  nerves  are  now  readily 
discernible  by  the  abundance  of  mono-nuclear  cells  accumulated  in  their 
lymphatic  sheaths.  The  loose  vascular  connective  tissue  around  the  ganglion 
is  also  crowded  with  lymphocytes.  Diplococci  and  streptococci  with  cap- 
sules are  seen  everywhere  along  the  course  of  the  lymphatics  ;  in  some 
places  they  form  a  regular  injection  (vide  fig.  1,  Plate  IV). 

Central  nervous  system :  There  is  a  generalised  meningo-encephalitis 
throughout,  more  marked  in  the  cerebellum  and  around  the  perforating 
vessels  of  the  basal  ganglia  and  internal  capsule  than  elsewhere.  Many 
small  vessels  are  seen  plugged  with  organisms  {vide  fig.  2,  Plate  IV),  and 
there  are,  in  consequence,  numerous  small  foci  of  softening.  In  these  foci, 
which  are  microscopic,  are  found  ganglion  cells  which  have  undergone 
coagulation  necrosis,  lymphocytes  and  broken-down  cell  debris  and  granules. 
Everywhere  in  the  cells  and  between  the  cells  of  the  inflammatory  products 
there  are  diplococci  and  streptococci.  There  are  no  plasma  cells  seen.  The 
nerve  cells  show  generally  acute  changes,  some  are  stained  dull  purplish 
throughout,  exhibit  no  Nissl  bodies,  have  crumbling  edges,  and  their 
dendrons  destroyed.  Some  of  the  nerve  cells  exhibit  the  appearances 
associated  with  a  more  chronic  toxic  condition,  viz.,  the  perikaryon  is 
stained  diffuse  pink  and  exhibits  no  Nissl  bodies,  whereas  the  outer  part 
of  the  cell  is  stained  blue  from  remaining  Nissl  bodies ;  the  nucleus  is 
generally  pale,  swollen  and  eccentric ;  the  borders  of  the  cells  are  curved 
outwards  instead  of  incurved,  and  the  processes  are  either  broken  off  or 
diffusely  stained. 

Remarks. — I  do  not  possess  notes  of  this  case,  for  beyond  the  statement 
that  it  was  acute,  no  information  was  sent.  It  appears  to  me,  however, 
that  the  acute  course  of  the  disease  was  due  to  the  streptococcal  invasion, 
firstly  of  the  glands  and  secondly  of  the  cerebro-spinal  fluid  and  blood. 
The  former  may  have  been  infected  by  the  lymphatics  of  the  nerves,  and 
this  doubtless  gave  rise  to  the  acute  symptoms  ;  but,  probably  from  the 
appearance  of  the  ganglion  cells  and  the  abundant  glia  proliferation  and 
perivascular  mono-nuclear  infiltration,  there  was  a  source  of  chronic  irrita- 
tion, non-microbial  in  origin.    The  glands  show  chronic  changes  also. 

9.  Bara  Eisgallah  (male),  aged  35  years ;' occupation,  pohce.  Lives  in 
hut  in  pohce  hues.  A  case  which  for  some  time  had  been  under  observation 
with  trypanosome  fever  and  enlarged  glands.  The  notes  state  that  trypano- 
somes  were  readily  found  in  the  gland  juice,  and  they  were  actively  motile. 
The  stained  smears  show,  in  addition  to  the  fully-formed  tryanosomes,  struc- 
tures which  were  evidently  altered  trypanosomes.  I  am  informed  that 
acute  symptoms  developed  and  the  patient  died  of  pneumonia  after  ten 
days'  illness.  It  was  stated  in  the  post  mortem  notes  that  possibly  a 
pneumococcic  meningitis  would  be  found.  The  glands  post  mortem  were 
found  to  contain  diplo-streptococci,  but  not  those  removed  intra  vitam. 
Captain  Greig  informs  me  that  the  cerebro-spinal  fluid  in  this  case  had 
shown  mono-nuclear  leucocytes. 
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Microscopic  Examination.  —  k  number  of  smear  preparations  of  the 
glands  were  sent,  and  trypanosomes  found.  Glands  .remoye,di  intra  vitavi 
showed  the  following  characters  {vide  figs.  3  and  4,  Plate  IV.). 

(1)  Numbers  of  granules,  probably  debris  of  cells  and  their  nuclei, 
uniformly  stained  a  dull  pink;  occasionally  bodies  which  might  be  con- 
sidered debris  of  trypanosomes  and  their  macro-and  micro-nuclei  were  found, 
and  one  trypanosome  entire  was  seen  {vide  fig.  2,  Plate  V). 

(2)  Lymphocytes  in  all  stages  of  transition  to  the  plasma  cells  of  Mar- 
scholko  can  be  seen.    Lastly,  degenerative  changes  of  the  plasma  cells. 

(3)  Proliferated  and  degenerated  endothelial  cells. 

(4)  Spaces  filled  with  deep  blue  stained  coagulated  lymph.  Glands 
removed  post  mortem  showed  the  same  appearances,  but  diplococci  were 
present. 

Cerebrum,  Cerebellum,  Medulla  Oblongata  and  Spinal  Cord.  —  The 
meninges,  especially  of  the  cortex  and  base  of  brain  and  the  cerebellum, 
were  the  seat  of  an  acute  pneumococcic  meningitis.  There  was  little  or 
no  perivascular  infiltration  with  mono-nuclears  ;  the  cell  exudation  consisted 
almost  entirely  of  polynuclears.  There  was  no  obvious  glia  proliferation,  as 
seen  in  the  other  cases.  Cervical  spinal  ganglion  and  nerve  :  Lymph  spaces 
and  lymphatics  packed  with  cocci  in  great  abundance.  Smear  preparation 
of  spleen  :  No  trypanosomes,  granules,  or  micro-organisms  found.  Smear 
preparation  of  the  centrifuged  cerebro-spinal  fluid  :  No  trypanosomes  ;  diplo- 
cocci, small  and  large  mono-nuclears,  and  a  few  red  corpuscles.  Smear 
preparation  of  brain  :  No  trypanosomes  found,  abundance  of  diplococci. 

Bemarks. — The  clinical  history  of  this  case  coincides  with  the  facts 
obtained  by  histological  investigation.  A  chronic  inflammation  of  the  lym- 
phatic glands  associated  with  trypanosome  infection,  secondary  diplococcal 
infection  of  the  glands,  pneumonia  and  pneumococcic  meningitis,  possibly 
occasioned  by  the  defences  of  the  organism  against  invasion  having  been 
destroyed  by  the  chronic  glandular  afl"ection.  The  absence  of  any  obvious 
signs  of  chronic  irritation  of  the  central  nervous  system  in  the  form  of  glia 
proliferation  and  perivascular  lymphatic  mononuclear  infiltration  may  be 
correlated  with  the  absence  during  life  of  any  definite  degree  of  sleeping 
sickness. 

10.  Tabula  (male),  aged  25.  Entebbe.  Occupation,  marine.  A  chronic 
case  of  Trypanosoma  Gambiense  infection  with  enlarged  glands,  but  not  yet 
affected  with  signs  of  sleeping  sickness.  The  lymphatic  glands  removed 
intra  vitam  exhibited  inflammatory  changes  with  necrotic  foci  similar  to 
the  glands  of  Bara  Eisgallah. 

11.  69,  L.  L.,  and  12,  69,  K.  K.  In  both  of  these  cases  there  was  sup- 
puration in  the  deep  suboccipital  and  cervical  glands  found  post  mortem, 
which  in  some  cases  had  broken  down,  forming  cavities.  This  was  especially 
marked  in  the  glands  near  the  cranium  (along  the  vessels),  and  those  near 
the  spinal  cord.  Pure  cultures  of  diplo-streptococci  were  obtained  from  both 
of  these  cases  from  the  cerebro-spinal  fluid  and  heart  blood. 

Microscopical  Examination  of  Brain  Spinal  Ganglia  and  Boots— No 
micro-organisms  were  found  in  the  brain,  but  abundance  of  diplo-strepto- 
cocci in  the  lymph  spaces  of  the  posterior  roots  and  spinal  ganglia,  also  in 
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the  blood  .vessels  of  the  sheath  of  the  ganglion,  and  in  the  lymph  spaces  of 
the  nerves  of  neck.  The  perivascular  mononuclear  infiltration  is  fairly 
evident  in  the  central  nervous  system  ;  amidst  the  cells  are  numbers  of 
granules  of  varying  sizes. 

13.  69.  J.  J.  Axillary,  femoral  and  glonds  of  receptaculum  chyli. 
Chronic  and  acute  inflammatory  changes,  necrotic  areas,  diplo- and  diplo- 
streptococci,  also  Filaria  perstans  in  abundance. 

14.  69,  G.'  T.,  Masake.  Admitted  May  6,  1904,  died  May  24,  1904. 
Aged  16.  Active  trypanosomes  in  cervical  glands.  Blood  also  showed 
trj'panosomes  in  films.  No  streptococci.  Post  mortem  cultures  from  glands 
of  neck.    No  streptococci. 

Microscopical  Examination  of  Tissues. — Intense  chronic  perivascular  infil- 
tration and  glia  proliferation  about  cerebellum  and  medulla  {vide  figs.  2,  3  and 
4,  Plate  I),  less  obvious  of  cortex,  very  marked  in  cervical  posterior  spinal 
ganglia,  nerves  and  roots.  Large  numbers  of  granules  which  take  capsular 
stain.  Lymphatic  gland  adjacent:  To  the  naked  eye  (after  hardening  in 
Miiller-formalin  fluid),  there  appears  to  be  yellow  necrotic  areas.  Sections 
stained  by  Gram  show  crowds  of  small  foci  of  diplo-streptococci,  also  in  a 
polychrome  section  a  transection  of  a  vessel  shows  diplo-streptococci  sur- 
rounded with  polynuclears. 

15.  69,  E.  E.,  Abimerika  (male),  aged  22.  Admitted  February  27,  1904, 
died  June  11,  1904.  The  gland  juice  was  examined  on  June  4,  and  showed 
active  trj'^panosomes.  No  diplococci  cultivated  in  broth  and  agar..  Post 
mortem  :  No  diplococci  in  glands.  Heart's  blood  showed  pure  culture  of 
Bacillus  coli  communis. 

Microscopical  Examination. — All  sections  of  glands  sent  shoiued  abundance 
of  diplo-streptococci.  Cortes,  cerebellum  and  spinal  cord  show  advanced 
chronic  meningo-encephalitis,  abundance  of  granules  and  occasional  definite 
diplococci  at  the  base  of  the  brain ;  especially  about  the  cerebellum  there  are 
foci  of  streptococci  in  the  chronic  inflammatory  products,  as  if  a  reinfection 
had  occurred.  Transections  of  the  blood  vessels  in  the  medulla  oblongata 
showed  a  very  intense  perivascular  infiltration,  consisting  of  proliferated 
glia  cells,  lymphocytes,  and  many  plasma  cells  and  morular  cells  with 
'  granular  debris.  A  trypanosome  was  seen  in  a  transected  vessel  in  this  case. 
The  ganglion  cells  have  .undergone  profound  chronic  degenerative  changes. 
This  was  a  chronic  case,  and  the  microscopic  appearances  were  quite  in 
conformity,  for  there  was  marked  cell  degeneration  and  glia  proliferation. 

16.  Sempagama  (male).  No.  237.  Aged  8.  Admitted  October  10,  1908  ; 
died  June  15,  1904.  A  very  chronic  case.  Trypanosomes  very  abun- 
dant in  glands,  blood  and  cerebro-spinal  fluid  during  life.  "  Post  mortem  : 
There  was  a  large  clot  of  blood  over  left  hemisphere  of  brain  between  the 
dura  mater  and  brain  surface.  No  haemorrhages  internally.  Day  of  death 
total  leucocytes  74-680,  polynuclears  42,  and  small  mononuclears  43.  Eed 
blood  corpuscles,  3,000,000,  Hb.  70  per  cent." 

Microscopical  Examination  of  Tissues. — Chronic  meningo-encephalitis  of 
brain  and  cord.    Well  marked  diplo-streptococcal  infection  of  meninges  of  % 
base  of  brain  and  of  the  perivascular  infiltration.    Numerous  granules, 
many  of  which  take  capsular  stain ;  they  lie  in  a  sort  of  pink  stained 

3 


34       SLEEPING  SICKNESS  AND  OTHER  TRYPANOSOME  INFECTIONS 

amorphous  substance,  and  it  was  thought  that  gradations  between  diplococci 
m  their  clear  capsules  to  organisms  which  had  undergone  death  and  become 
merged  mto  their  capsules  could  be  seen. 

17.  Case  69,  K.  P.,  Arcadi  (male),  aged  25.  Admitted  May  17,  1904: 
died  July  27,  1904.  Many  trypanosomes  in  glands.  Diplococci  were 
obtamed  from  gl.nds  about  ten  days  before  death.  Deep  cervical  glands 
show  points  of  suppuration. 

Microscopical  Examination.-Glands  showed  acute  and  chronic  inflam- 
matory changes  in  all  the  glaadg  examined.  In  all  the  glands  that  were 
suppurating  were  abundant  streptococci  and  necrotic  areas,  but  in  the  glands 
that  were  not  suppurating  were  numerous  foci  of  diplococci.  No  definite 
trypanosomes  could  be  seen  in  the  sections,  although  frequently  a  body 
looking  Hke  macronucleus  and  micronucleus  was  seen.  Pieces  of  Filaria 
perstans  were  also  seen. 

Chronic  Meningo-encephalitis  —  plasma   cells  —  gha  proliferation  and 
degeneration  of  the  ganglion  cells.    Amidst  the  degeneration  products  are 
bodies  which  may  be  degenerated  trypanosomes,  also  bodies  which  are. 
probably  dead  and  swolleu  up  diplococci,  and  here  and  there  can  be  found 
distinct  diplococci. 

18.  69,  F.  v.,  Hamesi  (male),  aged  12.  Admitted  May  5,  1904;  died 
July  24,  1904.  A  rather  acute  case.  There  was  a  terminal  streptococcal 
invasion,  many  trypanosomes  in  glands  and  blood. 

Microscopical  Examination.— Ghmnlc  meningo-encephalitis.  Prohferation 
of  nuclei  of  capillaries.  Perivascular  infiltration  of  lymphocytes,  plasma 
cells  and  morular  cells,  with  marked  gha  proliferation.  No  trypanosomes. 
Streptococci  in  the  vessels  and  in  the  membranes  of  the  pia  corticalis.  One 
lymphatic  gland  sent.  No  organisms  found,  but  several  nodules  of  the 
gland  show  acute  inflammatory  changes  with  many  polymorpho-nuclears 
and  coagulated  fibrin. 

19.  69,  V.  v.,  Wasiwa  (male),  aged  18.  Admitted  January  1,  1904;  died 
July  22,  1904.  A  very  chronic  case.  Pure  trypanosome  infection.  No 
streptococcal  invasion. 

Microscopical  Examination. — Glaiid  taken  piost  mortem  contains  abund- 
ance of  streptococci  not  in  blood  vessels.  Gland  taken  intra  vitam, 
apparently  plugs  of  cocci  not  numerous.  Brain,  shows  chronic  meningo- 
encephalitis fairly  advanced.    A  marked  glia  proliferation. 

20.  Dumani,  male,  aged  20.  Admitted  April  25,  1904;  died  May  19, 
1904.  Trypanosomes  found  in  cervical  glands,  April  25,  1904.  No  strepto- 
cocci. 

Post  mortem. — Streptococci  not  detected,  but  broken  down  trypanosomes 
in  gland. 

Microscopical  Examination.  —  Glands.  Plugs  of  diplo-streptococci  in 
sheath  of  gland  and  especially  around  vessels  of  hilum.  The  gland  itself 
does  not  show  much  change.  Apparently  this  gland  has  been  infected 
secondarily  to  another  gland  in  the  chain  which  was  not  sent.  Degenerated 
trypanosomes  (?).  Chronic  perivascular  meningo-encephalitis.  Miliary 
haemorrhages  in  spinal  cord.  Morular  cells  which  apparently  in  some 
instances  appear  to  be  endothelial  macrophages  filled  with  altered  cor- 
puscles {vide  fig.  5,  Plate  III). 
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21.  Case  69,  Z.K.,  Msubika  (female),  aged  7.  Admitted  June  10,  1904, 
died  August  12,  1904.  On  admissiou  patient  was  in  an  advanced  stage 
of  the  disease ;  she  iiad  a  terminal  diplo-streptococci  infection.  Glands 
were  generally  enlarged  and  in  left  submaxillary  region  showed  points  of 
suppuration. 

Microscopical  Examination.— Nerj  chronic  advanced  meningo-encephalitis 
[vide  figs.  1,  2,  and  3,  Plate  II).  To  the  naked  eye,  after  hardening  in  formol- 
Miiller  solution  the  brain  does  not  show  a  change  like  general  paralysis. 
The  cortex  is  of  good  depth,  but  the  vessels  are  easily  discernible,  both  in 
the  grey  and  white  matter,  especially  in  the  latter  are  they  visible,  by  points 
and  streaks  of  semi-translucent,  grey,  gelatinous  appearance,  with  often  a 
dark  central  core  of  blood. 

The  microscopic  examination  showed  an  intense  meningeal  and  peri- 
vascular infiltration  of  proliferated  branching  glia  cells,  lymphocytes,  plasma 
cells  and  morular  cells.  The  cervical  glands  examined  showed  chronic 
inflammatory  changes  and  although  there  is  no  suppuration  in  the  glands 
examined  there  are  abundant  foci  of  diplo-streptococci. 

Ex'periment  56. — Monkey  {Gercopithecus  Sp.),  {vide  p.  33.  Report  IV. 
Sleeping  Sickness  Commission).  "  To  note  the  eflect  of  the  injection  into 
the  vertebral  canal  of  blood  containing  trypanosomes  from  Case  66,  Tabula, 
Marine."  April  14,  1903. — Examined  blood  of  monkey,  found  malarial  para- 
sites but  no  trypanosomes.  Injected  by  lumbar  puncture  into  spinal  canal 
2  cc.  of  blood  from  Tabula  containing  trypanosomes.  May  7. — Trypano- 
somes found  in  the  blood  of  the  animal.  July  10. — The  animal  died,  having 
shown  no  very  marked  symptoms  of  sleeping  sickness.  No  temperature 
chart  kept.  The  post-mortem  examination  was  negative.  The  cerebro-spinal 
fluid  contained  living  trypanosomes.  "  Death  occurred  seventy- one  days 
after  inoculation,  and  in  our  opinion  is  probably  due  to  the  trypanosomes." 

Microscopical  Examination. — Cerebellum,  cortex  cerebri  and  medulla 
oblongata.  No  sign  of  meningo-encephalitis.  Very  marked  acute  chromo- 
lytic  changes  in  the  cells  of  the  medulla,  with  disintegration.  Some  change 
in  cells  of  cortex  cerebri  but  much  less  pronounced.  Slight  change  in  cells 
of  Purkinje.  Nearly  all  the  sections  show  malarial  parasites,  also  diplococci 
and  streptococci ;  probably  a  late  terminal  infection,  as  there  is  no  evident 
inflammatory  reaction. 

Experiment  60.— Monkey  [Macacus  rhesiLs).  "To  note  the  effect  of  the 
subcutaneous  injection  of  blood  from  a  case  of  trypanosome  fever."  April 
15.— Injected  subcutaneously  2  cc.  of  blood  containing  trypanosomes  from 
Case  66,  Tabula,  Marine.  May  7.— Trypanosomes  appeared  in  the  blood 
for  the  first  time,  twenty-two  days  after  injection.  May  14.— Noted  as 
being  very  numerous.  July  2.— Up  to  the  present  this  monkey  has  shown 
no  signs  of  being  ill.  To-day,  however,  he  appears  listless  and  less  energetic. 
July  15— Died.  For  the  last  fortnight  the  animal  has  presented  the  same 
picture  of  sleeping  sickness  as  noted  in  the  case  of  Experiment  1,  monkey. 
Picture  of  the  animal  with  its  head  sunk  on  cheat.  (This  attitude  is, 
however,  that  assumed  by  all  monkeys  when  ill.— P.  W.  M.) 

Beynarhs.—V&gQ  33  Sleeping  Sickness,  Eeport  IV.  As  far  as  one  could 
judge  this  animal  presented  the  typical  appearances  of  sleeping  sickness 
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during  life,  and  the  brain  after  death  looks  like  the  normal  sleeping  sickness 
brain  in  miniature.  The  organs  showed  no  disease,  so  that  one  is  bound 
to  look  upon  the  injected  trypanosomes  as  the  cause  of  death.  But  the 
trypanosomes  which  were  injected  subcutaneously  into  this  monkey  were 
taken  from  the  blood  of  a  case  of  trypanosome  fever.  Tabula,  Case  66,  who 
up  to  the  present  has  shown  no  signs  of  sleeping  sickness. 

Microscopical  Examination.— 'No  meningo-encephalitis.  A  few  diplococci 
seen  by  Gram's  method  in  the  brain.  Nothing  noteworthy  in  cerebrum  and 
cerebellum  except  some  chromatolysis  of  cells.  It  seems  that  the  large 
psychomotor  cells  are  especially  deficient  in  Nissl  granules.  There  is  some 
recent  glia  proliferation,  as  shown  by  a  comparison  of  the  motor  cortex  of 
this  animal  with  that  of  a  Macacus  that  died  from  other  causes  than  sleeping 
sickness. 

Exjoeriment  34. — "  To  note  the  effect  of  injecting  the  cerebrospinal  fluid 
from  a  case  of  sleeping  sickness  into  the  vertebral  canal  of  a  monkey." 
April  8,  1903. — Injected  1  cc.  of  cerebrospinal  fluid  containing  trypano- 
somes from  a  case  of  sleeping  sickness  into  the  spinal  canal  of  this  monkey 
(male,  pale  faced  variety).    April  30. — Trypanosomes  appeared  in  blood. 

Bemarlcs. — Four  months  after  inoculation  this  monkey  began  to  show 
symptoms  of  sleeping  sickness.  Captain  Greig  vnites  on  September  10  that 
the  animal  had  died. 

Post-mortem  was  pretty  typical  of  an  ordinary  sleeping  sickness  case. 
Trypanosomes  were  found  living  in  the  cerebrospinal  fluid  of  the  brain. 

Microscopical  Examination. — No  meningo-encephalitis.  No  perivascular 
infiltration.  Blood  vessels  of  brain  empty.  Endothelial  proliferation  of 
capillaries.  Marked  chromatolysis  of  cells  of  cord  and  medulla,  to  a  less 
degree  of  cortex.    Glia  proliferation. 

Experiment  8. — Monkey  {Gercopitliecus  Sp.).  '■  To  note  the  effect  of 
injection  of  blood  from  trypanosome  fever  into  a  monkey,  and  secondly, 
the  injection  of  a  pure  culture  of  streptococcus  from  a  case  of  sleeping 
sickness.  The  injection  of  blood  was  performed  twice  in  April,  and  repeated 
in  May,  1903.  No  symptoms  of  sleeping  sickness  followed ;  the  following 
March  (nearly  a  year  later)  subcutaneous  injection  of  streptococcus  culture. 
No  change  occurred."  August  22,  1904. — It  was  noticed  that  the  animal 
is  now  crouched  up,  and  presents  a  dull  drowsy  expression.  (It  may  be 
remarked  that  the  description  of  the  animal  in  no  way  differs  from  the 
description  of  the  typical  sleeping  sickness  cases. — F.  W.  M.)  August  28. — 
The  animal  died.  Trypanosomes  were  present  in  the  cerebrospinal  fluid, 
hut  the  fluid  was  sterile  as  regards  micro-organisms.  Cysts  were  discovered 
in  the  liver  and  peritoneum,  but  their  nature  is  not  described. 

This  animal  lived  nearly  eighteen  months,  apparently  the  subcutaneous 
injection  of  the  streptococcus  had  no  effect.  In  the  remarks  it  states  that 
towards  the  end  the  animal  showed  the  characteristic  signs  of  the  disease. 
It  is  assumed  that  the  streptococcus  had  nothing  to  do  with  death. 

Microscojyical  Examination. —  The  cerebral  cortex,  medulla,  internal 
capsule,  spinal  cord  and  cerebellum  were  examined.  There  is  no  peri- 
vascular infiltration  or  meningitis  of  the  nervous  system.  There  are  marked 
chromolytic  changes  of  the  ganglion  cells  and  some  acute  glia  proUferation. 
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Experiment  99.  Monkey  {Cercopithccus  Sp.)— "To  observe  the  effect 
of  infection  of  the  monkey  by  tsetse  flies  which  had  fed  on  a  sleeping  sick- 
ness patient  twenty-four  hours  previously,  and  the  effect  of  subcutaneous 
injection  of  a  pure  culture  of  diplo-streptococcus  on  the  course  of  this 
infection." 

The  feeding  was  begun  on  May  15,  1903. 

July  23,  1903. — Trypanosomes  were  noted  in  the  blood  for  the  first  time. 
January  15,  1904. — Animal  out  of  condition  generally,  but  is  still  fairly 
active. 

February  14,  1904. — Animal  is  weak  and  thin.  He  is  crouched  up,  and 
frequently  his  attitude  is  very  characteristic,  the  head  drooping  between  his 
knees. 

February  22. — Animal  lies  about  a  good  deal.  He  takes  his  food  better. 
His  temperature  is  still  swinging. 

March  2. — Subcutaneous  injection  of  pure  culture  of  diplo-streptococcus. 

March  19. — Animal  is  in  a  moribund  condition.  Gland  in  right  groin 
distinctly  enlarged ;  this  was  removed  and  found  to  contain  pus.  Smears 
showed,  under  the  microscope,  diplococci  and  "  bodies  "  stained  blue,  which 
appeared  to  be  degenerated  trypanosomes. 

March  20. — Animal  died  in  the  night.  Post  mortem  9  a.m.  The  body  is 
markedly  emaciated.  Lymphatic  glands  in  both  femoral  regions  are 
enlarged.  Glands  in  right  femoral  region  are  suppurating.  Glands  in 
axilla  and  neck  are  enlarged  but  not  suppurating.  Pupils  equal  and  normal- 
No  increase  of  fluid  in  pleural  or  peritoneal  cavities,  shght  increase  in 
pericardial. 

Brain. — On  removing  the  calvarium  the  dura  mater  is  seen  to  be  normal ; 
on  reflecting  it,  the  convolutions  are  seen  to  be  slightly  flattened  and  the 
superficial  vessels  are  injected ;  the  subarachnoid  fluid  is  increased,  no  active 
trypanosomes  were  seen  microscopically,  but  the  animal  had  been  dead  for 
some  time.  A  pure  culture  of  a  streptococcus  was  obtained  from  the  cerebro- 
spinal fluid. 

Heart. — Nothing  noteworthy.    Blood  from  this  organ  examined  micro- 
scopically showed  many  trypanosomes.    Malaria  is  also  present. 
Lungs. — Both  healthy. 

Liver,  Sj^leen  and  Kidneys. — Show  nothing  noteworthy. 
Intestines. — Healthy. 

Lymph  Glands.— lu  omentum  and  mesentery  distinctly  enlarged. 

Bemarks. — This  experiment  demonstrates  several  points  of  importance, 
the  first  being  that  it  is  possible  to  convey  the  trypanosma  of  sleeping  sick- 
ness from  man  to  monkey  after  an  interval  of  twenty-four  hours ;  secondly, 
that  the  disease  produced  in  the  monkey  by  the  fly  infection  presents  the 
same  characters  as  that  produced  by  inoculation  of  cerebro-spinal  fluid  or 
blood  from  a  case  of  sleeping  sickness.  This  animal  presented  towards  the 
close  of  its  life  a  typical  picture  of  a  sleeping  sickness  case. 

The  experiment  is,  finally,  of  interest  and  importance  from  the  fact  that 
fifteen  days  before  its  death  it  had  been  injected  with  a  pure  culture  of 
diplococci  obtained  from  a  case  of  sleeping  sickness.  So  far  as  we  could 
observe,  the  course  of  the  disease  was  uninfluenced  by  the  injection,  the 
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only  noteworthy  feature  being  a  slight  suppuration  in  one  of  the  groups  of 
lymphatic  glands  near  the  seat  of  inoculation.  Portions  of  the  nervous 
system  and  glands  have  been  preserved  for  minute  investigation  and  the 
results  of  the  examination  will  be  of  interest.  (Sleeping  Sickness,  Eeport 
VI.,  p.  39.) 

Microscoincal  Examination. — In  the  medulla,  cord  and  bfain  there  was 
no  trace  of  perivascular  infiltration  or  meningitis  found.  There  was  a  little 
chronic  inflammatory  thickening  at  one  spot  of  the  floor  of  the  4th  ventricle. 
The  marked  chromolytic  and  acute  destructive  changes  found  in  the  spinal 
cord  and  medulla  of  an  uneven  nature  was  very  striking  and  resembled  the 
changes  seen  in  Surra  rabbit  (p.  22)  and  Jinga  trypanosomiasis  of  ox.  In 
the  cord  and  medulla  oblongata  also  a  few  capillary  hsemorrhages  were  seen, 
but  a  careful  search  showed  no  flagellated  organisms  in  the  blood  contained 
in  the  vessels  of  the  central  nervous  system.  Appearances,  however,  were 
presented  closely  similar  to  those  met  with  in  Jinga  trypanosomiasis,  viz., 
the  capillaries  both  in  transverse  and  longitudinal  section  showed  oval  and 
round  protoplasmic  bodies  stained  pink,  measuring  from  4  to  10  /x,  which 
contained  minute  chromatin  particles  in  varying  numbers  and  sizes.  In 
many  instances  these  bodies  could  be  seen  lying  in  the  lumen  of  vessels 
transversely  and  longitudinally,  also  free  in  the  brain  tissue.  The  chromatin 
particles  frequently  had  the  appearance  of  rings  measuring  1  jjt  and  other 
small  particles  were  frequently  seen  in  the  pink  stained  protoplasm.  Those 
lying  in  the  wall  of  the  vessel  or  outside  it  might  be  proliferated  and  swollen 
endothelial  or  glia  cells.  Examination  of  a  blood  film  did  not  show  these 
bodies  although  a  few  trypauosomes  were  found.  There  is  pronounced  glia 
cell  proliferation  iu  the  cortex  cerebri,  especially  in  the  subjacent  white 
matter  ;  also  in  the  cerebellum.  The  cells  are  probably  young  for  they  have 
as  a  rule,  few  and  not  extensive  branching  processes  and  the  cell  protoplasm 
is  proportionally  scanty. 

Experiment  228,  p.  106.  Eeports,  Vol.  VI.  of  Sleeping  Sickness  Commis- 
sion;   Monkey  (Gercoiyithecus  SiJ.). 

"  To  note  the  effect  of  the  trypanosome  carried  by  tsetse  flies  freshly 
caught  in  the  vicinity  of  Entebbe  on  a  monkey." 

The  experiment  was  started  on  October  12  and  a  large  number  of  flies 
fed  on  the  animal,  but  it  was  not  until  November  26  that  trypanosomes 
were  found  in  the  blood.  After  this  no  more  flies  were  fed  on  the  animal 
and  it  lived  until  June  19,  when  it  was  in  a  moribund  condition  and  was 
killed  by  chloroform.  The  brain  presented  no  noteworthy  naked  eye  change. 
The  superficial  lymphatic  glands,  both  femoral  and  axillary  were  enlarged  ; 
abdominal  slightly  enlarged. 

Bemarks. — This  experiment  illustrates  the  course  of  the  disease  produced 
by  the  trypanosomes  carried  by  the  tsetse  flies  {Glossina  paljpalis)  freshly 
caught  in  the  vicinity  of  Entebbe.  It  closely  resembles  the  experiment  in 
which  the  Tnjpanosome  Gambiense  was  injected  into  the  monkey.  In  both 
the  course  of  the  disease  was  &  prolonged  one ;  the  animal  in  this  experiment 
also  showed  definite  signs  for  some  time  before  death.  At  times  it  presented 
the  characteristic  features  met  with  in  the  sleeping  sickness  monkeys.  The 
temperature  curve  was  also  very  similar.     This  experiment  supports  the 
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view  that  the  trypanosome  carried  by  the  freshly  caught  tsetse  fly  in  Uganda 
is  identical  with  the  T.  Gambiense. 

Microscopical  Examination. — Portions  of  the  brain  and  medulla  were 
examined.  There  was  no  obvious  perivascular  cell  infiltration,  but  there 
was  a  very  marked  chromolytic  change  of  the  ganglion  cells  of  the  medulla, 
somewhat  similar  to  that  seen  in  the  Surra  rabbit's  brain.  A  considerable 
degree  of  acute  glia  proliferation,  especially  marked  in  the  subjacent  cortical 
white  matter,  also  in  the  medulla  oblongata  {vide  fig.  1,  Plate  III). 

There  is  a  perivascular  glia  proliferation  especially  about  the  smaller 
vessels.  These  cells  are  larger  than  normal,  star-like,  and  show  many 
branching  processes^  extending  on  to  the  vessels.  A  portion  of  the  cervical 
enlargement  of  the  spinal  cord  with  anterior  and  posterior  roots  attached, 
also  posterior  spinal  ganglion  and  three  quarters  of  an  inch  of  the  cerebro- 
spinal nerve  beyond  the  ganglion  with  adherent  tissue  was  embedded  in 
paraffin  and  cut  in  one  block.  The  sections  were  stained  by  the  various 
methods  described  and  microscopical  examination  proved  of  considerable 
interest.  The  adherent  connective  tissue  attached  to  and  forming  part  of  the 
sheath  of  the  cere bro- spinal  nerve  shows  a  chronic  inflammatory  change 
similar  in  many  respects  to  that  observed  in  the  lymphatic  glands  and 
perivascular  lymphatics  of  the  central  nervous  system  in  human  sleeping- 
sickness.  There  is  a  marked  p -oUferation  of  the  endothelial  cells  with 
nuclear  proliferation  and  endogenous  nuclear  changes,  degeneration  and 
necrosis  of  the  cytoplasm  of  the  cells  and  lymphocyte  accumulation.  Stained 
by  Gram  method  no  micro-organisms  were  seen.  Stained  for  trypanosomes, 
the  appearances  were  exactly  like  those  observed  in  the  lymphatic  glands 
removed  during  life  (and  in  which  active  living  trypanosomes  were  found  in 
the  juice),  viz.,  occasional  appearances  which  may  be  due  to  modified  or 
degenerated  trypanosomes.  Since  this  chronic  inflammation  does  not  appear 
to  have  been  caused  by  microbial  invasion  and  as  undoubtedly  this  animal 
was  infected  by  the  flies  with  trypanosomes  we  may  conclude  that  this 
chronic  inflammation  of  the  adjacent  structures  and  sheath  of  the  nerve 
was  due  to  the  trypanosomes  (fig.  3,  Plate  IX). 

If^  the  nerve  be  traced  from  this  inflammatory  perineural  tissue  to  the 
ganglion,  small  accumulations  of  lymphocytes  can  be  observed  in  the  lymph 
spaces,  and  there  is  an  early  interstitial  nuclear  proliferation  in  the  spinal 
ganglion,  but  this  is  only  obvious  in  scattered  places.  Along  the  posterior 
roots  there  are  small  scattered  accumulations  of  lymphocytes,  but  on 
reaching  the  spinal  cord  there  is  some  evidence  of  chronic  irritation  by  the 
sub-pial  and  septal  proliferation  of  the  neurogUa  tissue.  This  is  most 
obvious  at  the  ring  where  the  posterior  root  fibres  enter  the  posterior  horn  • 
it  extends  on  the  lateral  surface,  nearly  halfway  to  the  anterior  median 
fissure  and  posteriorly  to  the  posterior  median  fissure.  There  is  slight  pro- 
liferation but  not  so  marked  in  the  remainder  of  the  periphery  of  the  spinal 
3ord  (t;jcZe  photomicrograph).  This  distribution  suggests  that  the  noxious ' 
igent  ]s  carried  especially  by  the  lymphatics  of  the  posterior  roots.  There 
ippears  to  be  a  commencing  glia  proliferation  of  the  grey  matter  generallv 
but  this  IS  not  so  obvious. 

The  neuroglia  change  in  this  cord  closely  corresponds  with  that  observed 
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by  ine  in  the  lumbo  sacrai  region  of  a  horse  that  died  of  Dourine  {Trypano- 
soma equipcrduni). 

These  observations  tend  to  show  that  the  lymphangitis  may  extend  from 
the  lymphatic  glands  of  the  neck  along  the  perineural  lymphatics,  but 
prior  to  this  a  noxious  irritative  agent  may  be  absorbed  by  the  neural 
lymphatics  and  bring  about  a  neuroglia  proliiei-ation.  There  appears  to  be 
an  excess  of  lymphocytes  in  the  grey  matter,  and  here  and  there  accumula- 
tions of  lymphocytes  around  the  small  vessels  can  be  seen.  Unless  all  the 
lymphatic  glands  of  the  body  can  be  proved  to  be  free  from  microbial  infec- 
tion— consequently  absorption  of  microbial  toxins  by  the  neural  lymphatics 
put  out  of  court  as  a  cause  of  this  chronic  glia  irritation  and  proliferation— it 
may  always  be  considered  as  not  proved  beyond  all  shadow  of  doubt  that  the 
trypanosome  infection  loer  se  is  the  cause. 
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DESCRIPTION  OP  PLATES. 
lixctpt  where  olhrrunse  slated  all  sections  were  stained  with  methylene  blue  and  eosine. 

Plate  I. 

IFiGs.  1-4.— Appearances  presented  by  the  vessels  of  the  brain  in  a  very  chronic  case  of 
sleeping  sickness. 

iPiG.  I.— Transection  of  small  vessel  of  medulla  oblongata,  showing  perivascular  infiltra- 
tion with  hyaline  lymphocytes.  Iq  the  centre  of  the  blood  vessel  is  a  trypanosomc 
(t).  Amidst  the  blood  corpuscles  there  are  numerous  small  and  large  mononuclear 
leucocytes  (mon.  I. ).     Magnification  500. 

Pig.  -2.— Small  vessel,  with  plasma  cells  (jp)  and  large  granule  cells,  which  I  have  termed 
morular  cells  (m).  They  correspond  to  Kornchen  Zellen  of  Alzheimer.  Magnifica- 
tion 500. 

Pig.  — Small  vessel  dividing  into  two  capillaries,  showing  nuclear  proliferation  of  tiic 
endothelial  cells ;  in  the  neighbourhood  are  plasma  cells  (p),  lymphocytes  (I),  and 
glia  cells  (g).    Magnification  500. 

iPiG.  4. — Section  of  spinal  ganglion,  showing  lymphocyte  interstitial  infiltration  [I). 
Magnification  120.   Same  section  is  shown  more  highly  magnified  in  fig.  1,  Plate  VI  I. 

Plate  II. 

Pig.  1. — Three  large  glia  cells  (g),  their  branches  ending  in  a  network  around  and  upon 
a  small  vessel ;  lymphocytes  (Z),  and  plasma  cells  (p)  are  seen  scattered  about. 
Magnification  500. 

Pig.  1. — Small  vessel,  showing  endothelial  nuclei  proliferated,  and  three  plasma  cells. 
Magnification  500. 

Pig.  3. — A  transection  of  a  vessel  in  a  very  chronic  case  of  sleeping  sickness,  .showing 
marked  perivascular  infiltration.    Magnification  250. 

Pig.  4. --Active  proliferating  young  glia  cells  found  in  great  numbers  in  sleeping  sickness 
tissues.  The  pale  nucleus,  with  distinct  nuclear  membrane,  contains  chromatin 
granules,  with  an  arrangement  indicating  mitosis.  Surrounding  the  nucleus  is  the 
pink-stained  cytoplasm,  with  a  tendency  to  form  star-like  processes.  Magnification 
500. 

Pig.  5. — Two  large  morular  cells  from  a  very  chronic  case  of  sleeping  sickness.  Magnifica- 
tion 500. 

Pig.  6. — Rod  cells  (Stabchen  Zellen)  are  rarely  met  with,  although  occasionally  appearances 
like  fig.  6  are  seen.    Magnification  500. 

Plate  III. 

Pig.  1. — Section  of  subcortical  matter  of  brain  of  monkey  that  died  after  infection  by 
trypanosomes  caused  by  infected  flies  being  allowed  in  considerable  numbers  to 
bite  the  animal.  Experiment  228.  There  is  little  or  no  perivascular  lymphocyte 
infiltration,  but  a  considerable  increase  in  size  and  number  of  the  perivascular  glia 
cells.    Magnification  430.    Stained  by  Heidenhain  method. 

Fig.  2. — Section  of  subcortical  white  matter  of  monkey  that  died  eighteen  months  after 
infection  and  which  showed  the  characteristic  lesion  of  sleeping  sickness.  Harvey 
and  Leishman.  The  glia  proliferation  is  well  seen,  and  in  the  meshwork  of  the 
branching  fibres  which  form  the  reticulum  of  the  perivascular  lymphatic  space 
(which  is  seen  in  longitudinal  section)  are  numerous  lymphocytes.  The  body  and 
reticulum  of  the  glia  cells  are  stained  pink  in  the  section  ;  the  lymphocytes  and 
neuroglial  nuclei  are  stained  blue.    Magnification  600. 

PiO.  3. — Transection  of  a  blood  vessel  in  the  sub-cortical  white  matter— sleeping  sickness. 
Only  the  neuroglial  nuclei  are  stained.  The  lymphocytes  are  pale  and  unstained, 
and  lie  in  the  branching  meshwork  of  the  glia  cells.  Magnification  480.  Eisatli's 
stain. 
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Pig.  4. — Small  vessel  of  brain  of  monkey  iVi  which  the  blood  vessels  of  the  brain  had  been 
rendered  empty,  and  collapsed  by  ligation  of  all  four  arteries.  This  is  to  show  the 
perivascular  space  filled  with  cerebro-spinal  fluid,  and  the  supporting  neuroglial 
trabeculse  ;  such  as  are  shown  in  the  drawing  are  only  seen  at  intervals.  It  can  be 
understood  that  if  these  trabeculae  are  greatly  increased  the  lymphocytes  will  tend 
to  be  caught  in  the  meshes.    Magnification  500. 

Fig.  5.— Shows  macrophages  (a)  containing  blood  corpuscles,  the  result  of  a  htemorrhage 
into  the  cerebro-spinal  cavity  ;  lymphocytes  (b),  and  diplococci  (c),  which  are  under- 
going lysis.  In  the  immediate  neighbourhood  could  be  seen  crowds  of  diplococci 
and  diplo-streptococci,  which  stained  deep  blue.    Magnification  500. 

Pig.  6. — Vessel  of  the  brain  with  bacilli.    Case  7,  p.  .30.    Magnification  500. 

Plate  IV. 

Pig.  1. — Transection  of  cervical,  nerve  close  to  the  spinal  ganglion,  showing  an  infection 
of  the  sheath  of  the  nerve  by  diplo-streptococci.    The  adjacent  lymphatic  glands 
showed  points   of  suppuration.    Magnification   200.    (a)   The  micro-organisms 
magnified  500.    Case  69,  L.L.  o  , 

Fig.  2.— Vessel  of  the  internal  capsule  of  a  case  of  acute  sleeping  sickness,  with  a  large 
plug  of  cocci.    Magnification  600.    Stained  by  Gram's  method. 

Pig.  3.— Various  degenerated  cells  seen  in  section  of  sterile  lymphatic  gland.  Jilagnifica- 
tion  1,000.    Leishman  stain. 

Pig.  4.— Lymphocytes  and  their  transition  to  plasma  cells  a,  c ;  d,  degenerated  plasma 
cell  seen  in  section  of  lymphatic  gland.    Magnification  1,000.    Leishman  stain. 

Plate  V. 

Pig.  1.— Thread-like  bodies  and  granules  deeply  stained,  seen  in  section  of  lymphatic 
gland,  probably  altered  and  degenerated  trypanosomes.    Magnification  1,000. 

Pig.  2.- Trypan osome  in  a  lymphatic  gland  section  amidst  disintegrated  cell  products 
Figs.  3  and  4  (Plate  IV.),  and  figs.  1  and  2  (Plate  V.),  are  drawings  made  from 
the  same  sections,  5  ^  in  thickness,  stained  with  Leishman's  stain  and  prepared 
from  an  enlarged  cervical  gland  removed  during  life  from  a  case  (Bara  Risgallah) 
of   trypanosome   fever,   before   symptoms   of    sleeping   sickness    had  occui-red 
Magnification  1,000. 

Fig.  3.— Trypanosoma  Gambiense  in  smear  of  fresh  gland  juice,  several  lymphocytes  micro- 
nuclei.    Magnification  1,000.  ' 

Fig.  4.-Section  of  lymphatic  gland  from  a  recently  fatal  case  of  sleeping  sickness  in  a 

European.    The  glands  in  this  case  were  not  much  enlarged,  'ni,^^^   

marked  proliferation  of  the  endothelial  nuclei.    Magnification  500. 


Pig.  5. -Proliferation  of  the  connective  tissue  cells  of  the  reticulum  of  a  lymph  sinus - 
marked  proliferation  of  the  nuclei  of  the  endothelial  cells  seen.  This  chronic  change 
closely  accords  with  the  change  observed  in  the  perivascular  lymph  spaces  of  the 
central  nervous  system.    Magnification  500. 

Fig.  e.-Various  granules  and  products  of  cell  (and  trypanosome?)  degeneration  seen  in 

SaV=  MOr""°"  ^'-^^^^ 

Plate  VI. 

Appearance  of  various  pyramidal  cells  of  the  cerebral  cortex  in  cases  of  very  chronic 
sleeping  sickness,  showing  various  stages  of  chromatolysis  and  chronic  degeneration 
One  cell  is  covered  with  phagocytes  {h).    Magnification  500.  Regeneration. 

Plate  VII. 

Pig.  l.-Same  section  as  that  on  Plate  I.,  4,  more  highly  magnified,  showing  endothelial 
cell  proliferation  of  the  capsules  of  the  posterior  spinal  ganglion  celfs  Tnd  i  ,ler 
stitial  lymphocyte  infiltration.    Magnification  600  g^ion  cells  and  intei- 
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Fig.  2.— Film  preparation  of  Jinga  trypanosoma  in  blood  of  infected  monkey.  Two- 
trypanosomes  are  seen  and  three  blood  corpuscles.  Beside  there  is  a  body,  which 
appears  as  if  fission  were  about  to  occur.    Magnification  1,000. 

Fig.  3.— Transection  of  a  vessel  of  brain  of  ox  that  died  of  Jinga  trypanosomiasis  a 
short  time  after  inoculation.  A  large  number  of  chromatin  rings  are  seen. 
Magnification  1,500. 

Fig.  4.— Longitudinal  section  of  a  vessel  of  the  same.    Magnification  1500. 

Fig.  5.— Bodies  seen  in  a  vessel  of  brain  of  ox.  Some  modified  form  of  trypanosome  ? 
Magnification  1,000. 

Fig.  6. — Splenic  blood  smear,  showing  Leishman  Donovan  bodies.  Case  of  Kala-Azar 
somewhat  similar  appearance  to  5.    Magnification  1,000. 

Fig.  7. — Spleen  Kala-Azar,  showing  Leishman  bodies  in  the  form  of  definite  chromatin 
rings.  Note  the  similarity  to  the  appearance  presented  by  3,  4  and  5.  Magnifica- 
tion 1,000.    Stained  by  Van  Giesen's  method. 

Plate  VIII. 

Fig.  1. — Longitudinal  section  of  vessel  of  brain  of  ox  that  died  of  Jinga  infection. 
Trypanosomes  in  various  modified  shapes  are  seen.  Some  of  these  may  be  amoeboid 
forms  of  trypanosomes  ;  probably  some  are  trypanosomes  which  have  been  attacked 
by  leucocytes.    Magnification  500.    Stained  in  bulk — methylene  blue  and  eosine. 

Fig.  2. — Small  vessel  of  the  medulla  oblongata  of  rabbit  inoculated  with  Surra.  The- 
animal  died  three  months  after  infection.  Shows  a  plasmodial  mass  in  the  centre 
and  trypanosomes  in  a  whorl  near  by.    Magnification  1,000.  Polychrome. 

Fig.  3. — Nerve  cells  of  above,  showing  chromatolysis,  and  a  small  vessel  with  the 
trypanosomes  (<)  coiled  up,  blocking  it.    Magnification  1,000.  Polychrome. 

Fig.  4. — Somewhat  similar  appearances  as  in  fig.  2,  seen  in  longitudinal  section  of  vessel. 
Numbers  of  chromatin  rings,  probably  macro-nuclei  (A)  ;  (B)  capillary  blocked  by 
trypanosomes ;  (C)  trypanosomes  in  the  tissue  ;  (D)  ganglion  cell,  showing  marked 
chromolytic  changes,  probably  due  to  capillary  obstruction.  The  nucleus  is  swollen 
and  clear,  the  body  of  the  cell  shrivelled,  and  there  is  an  absence  of  Nissl  granules. 
Magnification  1,000.  Romanowsky. 

Plate  IX. 

Fig.  1. — Section  of  cortex  showing  pyramidal  ganglion  cells  of  Meynert's  columns.  It  will 
be  observed  that  the  cells  stain  well,  have  retained  fairly  well  a  normal  shape,  and, 
considering  the  thinness  of  the  section  5  fi,  their  numbers  are  not  appreciably 
diminished.  The  lymphocyte  and  glia  cell  infiltration  is  not  prominent  in  thi& 
region,  although  the  specimen  was  made  from  the  brain  of  a  case  of  advanced 
sleeping  sickness  (Sempagama,  Case  16,  p.  33).    Magnification  185. 

Fig.  2.— Section  of  the  cortex  of  a  case  of  advanced  sleeping  sickness  stained  by 
Weigert  method,  to  show  condition  of  fibres.  It  will  be  observed  that  there  is. 
no  gross  fibre  atrophy.  Under  a  high  power  there  is  a  diminution  in  some 
places,  considerable  of  the  tangential  fibres  and,  to  a  less  degree,  of  the  super  radial. 
Magnification  50. 

Pig.  3.— Section  of  the  spinal  cord  of  Monkey  228.  This  animal  died  eight  months 
after  infection  by  fresh  fly  feeding.  Observe  the  increase  in  number  and  size  of  the 
glia  cells  in  the  posterior  column  close  to  the  posterior  horn.  There  is  also  an 
accumulation  of  lymphocytes  close  to  the  ring  of  entry  of  the  posterior  root. 
These  are  seen  somewhat  indistinctly,  owing  to  their  being  massed  together. 
Magnification  170. 

Fig.  4.— Section  of  spinal  cord  of  very  chronic  sleeping  sickness  (Dreya,  Case  6,  p.  29). 
It  shows  no  coarse  tract  degeneration,  but  under  a  higher  magnification  the  most 
extensive  subpial,  septal  and  universal  neuroglia  proliferation  can  be  seen. 
Magnification  7. 

Fig.  5.— The  neuroglial  septal  prohferafcion. 
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Pr.ATE  X. 

Fig.  1. — Central  canal  of  1st  cervical  segment  of  spinal  cord,  showing  proliferation  of 
ependynial  cells  to  form  glia  cells.  As  the  proliferation  proceeds  from  within 
outwards,  the  ring  of  new  young  cells  increases,  leaving  a  more  fibrillary  substance 
behind  in  the  centre,  which  fills  up  the  canal.  Around  the  ring  of  cells  there  is 
also  a  zone  of  a  more  fibrillary  substance.  The  fibrils  are  the  processes  of  the 
glia  cells.    Magnification  90. 

Fig.  2. — Section  of  the  heart  of  a  case  of  advanced  sleeping  sickness  which  shows  an 
accimiulation  of  lymphocytes  in  the  intermuscular  lymph  spaces.  Magnifica- 
tion 250. 

Fig.  3. —  Section  of  the  liver  showing  a  chronic  interstitial  inflammatory  change.  There 
is  accumulation  of  lymphocytes  in  the  lymph  channels  of  the  portal  canal. 
Magnification  180. 

Fig.  4. — Anterior  horn  cell  from  a  case  of  advanced  sleeping  sickness.  The  cell  takes  the 
basophile  stain  well,  the  Nissl  granules  are  abundant  in  the  body  of  the  cell 
and  on  the  dendrons.  The  cell  infiltration  around  is  mostly  neuroglia,  but 
there  are  lymphocytes.    Magnification  540. 

Plate  XI. 

Photographs  of  two  Sleeping  Sickness  Patients  (see  Appendix,  pp.  29-30). 
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INTRODUCTION. 

After  the  departure  of  Captain  E.  D.  W.  Greig  for  England  on 
November  15,  1904,  the  work  of  the  Commission  at  Entebbe  was 
carried  on  by  Lieutenant  A.  C.  H.  Gray,  R.A.M.C.,  until  he  was 
t?T1  n  •^^"^^T  10,  1905,  by  Lieutenant  F.  M.  G.  Tulloch, 
K.A.M.C.    ihe  strength  of  the  Commission  was  subsequently 
increased  by  the  addition,  for  a  limited  period,  of  Professor 
L.  A  Mmchm,  of  University  CoUege,  who  reached  Entebbe  on 
April  3,  1905.    The  work  of  this  observer  on  the  relation  of  the 
Isetse  fly  and   Trypanosoma  gamhiense,  together   with  some 
turther  notes  by  us  on  the  trypanosomes  found  in  freshly  caught 
tsetse  flies,  will  form  the  subject  of  a  separate  Report.  Pro- 
tessor  Minchm,  having  completed  the  task  assigned  to  him,  left 
^r  England  on  December  6,  1905,  while  Messrs.  Gray  and 
lulloch  remained  to  continue  the  work  of  investigation.    It  was 
arranged  early  in  March,  1906,  that  Lieutenant  Gray  should 
return  to  England  to  collaborate  with  Professor  Minchin  in  his 
Keport.     Unfortunately  it  was  found  on  the  12th  of  that  month 
that  Lieutenant  Tulloch  was  suffering  from  fever  and  his  blood 
was   tound   to   contain    Trypanosoma  gamhiense.     How  th^s 
disastrous  result  was  brought  about  is  uncertain.    It  may  have 
been  that  he  infected  himself  on  March  2  in  performing  a  post- 
examination  on  a  rat  which  died  with  its  blood  swarming 
with  this  trypanosome,  but  as  he  had  suflfered  on  at  least  two 
previous  occasions  from  indefinite  fever,  it  is  more  probable  that 
he  had  been  infected  for  some  considerable  time.    This  brouo-ht 
tlie  work  of  the  two  officers  to  a  tragical  conclusion.  Lieutenant 
lulloch  was  invalided  home,  and  he  and  Lieutenant  Gray  left 
Entebbe  for  England  on  April  3  last.  ^ 

At  this  stage  of  the  investigation  it  is  not  possible  to  brine 
forward  many  altogether  new  facts  in  relation  to  sleeping 
sickness  Certain  hues  of  work  were  suggested  to  the  members 
of  the  Commission  by  the  Tropical  Diseases  Committee  of  the 

A^JfL  "^P'-^  ^^'^  ^^^"^  ^^^y  ^^^^  ^'^-ied  to  follow  out. 

Additional  evidence  is  now  brought  forward  in  favour  of  the 

lZ':^::i'l  1'  ^tt^^  ^^^^^^^  ^^e  kst  Report 

follows  !  -      ^  ""^^"^  summarized  as 

(1.)  That  trypanosomes  are  constantly  present  in  the 
lymphatic  glands  of  early  and  late  cases  of  trypano- 

oHhe  disease"'  ^""^  ""^^      ^""""^  ''^  """^  '^""^ 

(2.)  That  the  subsequent  incidence  of  sleeping  sickness  is 
much  higher  among  natives  in  whom  gland-enlarge- 
ment has  been  previously  noted  than  among  those  in 
whom  no  such  condition  has  been  found. 
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(3.)  That  trypanosomcs  are  not  present  in  the  cerebro-spinal 
fluid  of  very  early  cases  of  trypanosome  infection, 
but  that  these  parasites  can  always  be  found  there  in 
late  stages  of  the  disease. 

(4.)  That  sleeping  sickness  is  the  last  stage  of  trypanosome 
infection  and  is  always  fatal.  The  after-history  of 
cases  noted  some  three  years  ago  by  previous 
members  of  this  Commission  has  been  carefully 
followed  out  and  only  one  man  now  certainly  remains 
alive. 

(5.)  That  trypanosomes  can  nearly  always  be  found  on  post- 
mortem examination  of  cases  of  sleeping  sickness, 
provided  that  such  examination  be  made  within  a  few 
hours  of  death. 

(6.)  That  the  treatment  of  trypanosome  infection  with 
drugs  does  not  hold  out  much  hope  of  success  even  in 
early  cases. 

(7.)  That  chimpanzees  are  readily  infected  with  the 
trypanosome  of  sleeping  sickness,  that  gland  enlarge- 
ment soon  follows  in  them,  and  that  parasites  are 
numerous  in  their  enlarged  glands.  The  one  experi- 
mental chimpanzee  in  the  hands  of  the  members  of 
the  Commission  closely  resembled  a  man  in  the  early 
stage  of  trypanosome  infection,  but  unfortunately  he 
soon  died  from  captivity. 

(8.)  That  there  is  but  one  human  trypanosome  in  Uganda 
and  that  it  is  identical  with  Trypanosoma  gambiense. 

(9.)  That  native  dogs  in  an  area  of  sleeping  sickness  have 
been  found  by  the  Commission  to  be  infected  with  a 
trypanosome,  and  that  this  trypanosome  is  most 
probably  identical  with  the  trypanosome  of  sleeping 
sickness. 

(10.)  That  the  drug  treatment  of  artificially  infected  animals 
with  almost  poisonous  doses  has  proved  of  little 
value. 

(11.)  That  the  trypanosome  of  the  "  Jinja  cattle  disease," 
if  not  Trypanosoma  Brucei,  is  a  very  closely  allied 
species  ;  and  that  drug-treatment  in  the  case  of  this 
trypanosome  has  pi'oved  successful  with  one  monkey 
only,  inoculated  with  this  disease. 

Sleeping  sickness  in  Uganda  seems  to  be  surely  spreading  still 
further  afield.  The  outbreak  at  Bugungu  on  Lake  Albert, 
referred  to  in  the  previous  Eeport,  has  assumed  more  serious 
proportions.  It  would  seem  from  information  sent  to  the 
Commission  by  Dr.  Ashton  Bond  that  the  Toro  district  has  also 
become  infected.  Giossina  jwljmlis  has  been  brought  to 
Messrs.  Gray  and  Tulloch  from  such  a  southerly  point  as  the 
shore  of  Lake  Tanganyika. 
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An  extensive  scheme  for  accurately  mapping  out  the  areas 
infested  Avith  Tsetse  fly  and  with  sleeping-  sickness  in  Uganda  is 
now  on  foot  under  the  direction  of  Dr.  A.  Hodges. 

The  present  members  of  the  Commission  wish,  in  the  first 
place,  to  thank  Colonel  D.  Bruce,  C.B.,  F.R.S.,  for  his  constant 
encouragement  and  advice  in  the  work,  and  for  his  kindness  in 
correcting  the  proofs  of  this  Report ;  Professor  E.  A.  Minchin 
for  his  numerous  and  valuable  suggestions  on  the  subjects  of 
investigation,  and  Captain  E.  D.  W.  Greig,  I. M.S.,  who  has 
been  in  constant  communication  with  the  Commission  since  his 
departure.  Their  sincere  thanks  are  also  due  to  Colonel  Hayes- 
Sadler,  C.B.,  His  Majesty's  Commissioner  and  Consul-Greneral, 
Uganda,  for  his  invariable  kindness  in  providing  facilities  for  the 
work;  to  Mr.  George  Wilson,  C.B.,  His  Majesty's  Acting 
Commissioner  for  Uganda,  for  his  helpfulness  in  procuring  a 
chimpanzee  for  experiment  and  for  the  many  other  ways  in 
which  he  has  shown  his  interest  in  the  progress  of  the  researches ; 
to  Lieut.-Col.  J.  Will,  P.M.O. ;  to  Dr.  U.  U.  Moffat,  C.M.G.,  for 
valuable  assistance  and  advice  ;  to  several  other  helpers  who 
have  kindly  provided  us  with  blood  films  from  various  wild 
animals ;  and  to  the  Bishops  and  Missionaries  of  the  variotis 
churches  who  have  greatly  furthered  the  investigation  by  sending 
cases  of  sleeping  sickness,  and  by  observing  natives  under  their 
control.* 

I. —  The  lymphatic  glands  in  Sleeping  Sickness. —  Gland  punctures. 

The  earliest  descriptions  of  sleeping  sickness  mention  enlarge- 
ment of  the  lymphatic  glands  as  a  prominent  and  early  feature  of 
the  disease.  The  natives  of  Uganda  look  on  this  gland  enlarge- 
ment as  an  early  sign  of  infection,  and  have  even  advocated  the 
removal  of  the  enlarged  glands  as  a  means  of  cure.  Slight 
enlargement  of  the  superficial  lymphatic  glands  becomes  apparent 
probably  within  one  or  two  months  of  infection  and  persists  all 
through  the  course  of  the  disease.  It  is  often,  however,  less 
marked  in  those  late  cases,  where  life  will  last  only  a  few  weeks 
longer,  than  in  the  earlier  stages  where  the  other  symptoms  are 
but  slight.  All  the  glands  of  the  body  are  more  or  less  involved 
and  the  superficial  glands  of  the  neck  and  axilla  show  this 
enlargement  quite  early  in  the  disease.  The  typical  enlarged 
gland  is  smooth,  separate,  moveable  and  soft,  about  five-eighths 


*  Since  these  lines  were  written  Lieutenant  Tulloch  has  succumbed  to  his 
illness  (20th  June,  190G).  A  career  of  great  promise  has  thus  been  sadly 
and  prematurely  closed.  The  Tropical  Diseases  Committee  of  the  Royal 
Society  takes  this  opportunity  of  expressing  its  great  sorrow  at  the  loss 
of  one  to  whom  it  owes  a  tribute  of  sincere  gratitude  for  the  enthusiasm  and 
ability  which  he  devoted  to  the  difficult  and  dangerous  task  entrusted  to  him. 
A  martyr  to  science,  he  passed  away  before  the  last  records  of  his  labours 
had  been  given  to  the  world.  These  records  of  work  carried  on  iointly  by 
him  and  Lieutenant  Gray  have  been  finally  arranged  and  revised  by  the  latter 
and  are  given  in  the  present  Report,— [Sec.  R.S.] 


by  three-eighths  of  an  inch  in  size,  and  with  the  consistency  of  a 
ripe  damson,  giving  the  impression,  on  palpation,  that  hard 
pressure  would  cause  it  to  burst.  This  gland  enlargement  is 
rarely  visible  to  the  eye  alone,  except  in  emaciated  individuals. 

In  our  exammation  of  persons  supposed  to  be  infected  with 
Trypanosomes  we  have  regularly  employed  the  method  of  gland 
puncture  first  described  in  the  "Proceedings  of  the  Royal  Society  " 
for  May  1904  (Greig  &  Gray).  We  have  used  this  method 
alike  on  natives  of  Africa,  on  Indians  and  on  Europeans,  and 
have  found  it  uniformly  successful  and  practically  painless. 

When  dealing  with  the  timid  native  of  Africa,  several  small 
pomts  are  worth  attending  to  and  help  towards  a  successful 
examination.  The  posterior  cervical  glands  are  by  far  the  most 
suitable  for  puncture,  because  they  are  superficial,  easily  handled, 
and  practically  always  enlarged,  while  at  the  same  time  the 
operation  cannot  be  seen  by  the  patient.  The  needle  of  the 
hypodermic  syringe  used  should  be  as  fine  and  as  gharp  as  possible, 
and  the  piston  of  the  syringe  should  give  good  suction  when 
drawn  out  of  the  -barrel.  The  instrument  should  be  carefully 
kept  out  of  sight  of  the  patient.  A  suitable  enlarged  gland  is 
then  found  and  picked  up  between  the  finger  and  thumb,  the 
patient  is  then  warned  that  he  will  only  feel  a  sharp  prick,  and 
the  needle  (with  syringe  attached)  is  at  once  sharply  pushed 
through  the  skin  and  well  into  the  middle  of  the  gland  substance. 
The  point  of  the  hypodermic  needle  is  now  gently  moved  about 
in  the  gland  substance  and  an  assistant  asked  to  slowly  draw  out 
the  piston  of  the  syringe  and  to  keep  it  drawn  out.  The  barrel 
of  the  syringe  is  then  detached  from  the  needle,  leaving  the 
needle  alone  sticking  into  the  gland.  The  needle  with  its  contained 
drop  of  juice  is  then  carefully  removed  from  the  gland ;  the 
barrel  of  the  syringe  is  again  attached  and  the  drop  of  juice  is  at 
once  blown  out  into  and  mixed  with  a  minute  drop  of  normal 
citrate  solution  kept  ready  to  hand  on  a  glass  slide. 

If  the  needle  and  svrinee  are  both  withdrawn  together  from 
the  gland,  the  drop  of  gland-juice  is  usually  found  immediately  to 
nin  up  into  the  barrel  of  the  syringe  instead  of  staying  in  the 
needle,  and  can  hardly  be  got  out  again  for  examination  ;  but  if 
the  simple  precaution  here  noted  is  taken  no  such  difficulty  arises. 
Another  small  precaution,  which  we  have  found  useful  in  very 
hot  weather,  is  to  have  the  hypodermic  needle  (not  barrel  of 
syringe)  full  ol  normal  citrate  solution  at  the  time  of  puncture, 
thus  preventing  any  possibility  of  the  drop  of  gland-juice  drying 
up  before  it  is  blown  out  on  to  the  slide  for  examination.  By  tliis 
method  of  gland-puncture  we  have  over  and  over  again  at  once 
found  trypanosomes  in  persons  whose  blood  and  cerebro-spinal 
fluid  had  proved  negative  after  a  prolonged  search. 

We  wish  to  lay  special  stress  on  the  fact  that  trypanosomes 
are  practically  always  present  in  the  lymphatic  glands  of  an 
infected  person,  and  can  be  found  there  on  any  day  and  at  any 
stage  of  the  disease.    It  is  true  that  in  some  cases  the  gland-juice 


shows  more  parasites  at  one  time  than  at  another,  but  trypano- 
somes  can  neai-ly  always  be  found  in  a  fresh  specimen  of  the  juice 
without  any  difficulty.  For  confirmation  of  this  statement,  we 
would  refer  the  reader  to  the  table  of  gland,  blood  and  spinal 
fluid  examinations  on  page  11. 

Within  24  hours  of  death  we  have  often  noticed  that 
living  trypanosomes  could  not  be  found  in  the  gland-juice,  and  it 
has  beeii  quite  exceptional  to  find  parasites  in  the  glands  at  a 
post-mortem  examination.  We  consider  that  this  fact  is  due 
to  a  terminal  bacterial  invasion  causing  the  death  of  the 
trypanosomes. 

In  June,  1904,  64  apparently  healthy  natives  who  lived 
on  Sesse  Island  were  examined  by  the  Rev.  H.  T.  C.  Weatherhead. 
Each  individual  was  carefully  examined  for  gland  enlargement, 
and  full  particulars  for  future  identification  were  recorded.  It 
was  found  at  this  time  that  30  out  of  these  64  men  showed  a 
definite  enlargement  of  their  cervical  lymphatic  glands. 

In  July,  1905,  just  a  year  later,  Mr.  Weatherhead  again 
visited  this  island  and  examined  the  same  individuals,  or  such  of 
them  as  were  still  alive.  He  found  that  nine  of  these  64  men 
had  died  of  or  were  in  the  last  stages  of  sleeping  sickness,  and 
that  all  except  one  of  these  nine  men  had  been  noted  by  him  as 
showing  marked  gland-enlargement  the  year  pieviously  although 
otherwise  seeming  perfectly  healthy.  These  results  show  then 
that  of  a  given  number  of  natives  who  all  show  enlargement  of 
their  lymphatic  glands  but  seem  otherwise  healthy,  one-third  will 
be  found  to  have  died  from  sleeping  sickness  within  a  year  from 
such  examination.  The  very  fact  of  enlargement  of  the  glands 
of  the  neck,  presenting  the  characters  mentioned  above,  may  thus 
be  taken  to  be  of  itself  almost  sufficient  proof  of  trypanosome 
infection  if  it  occurs  in  inhabitants  of  a  sleeping  sickness  area. 

II' — The  Cerebrospinal  Fluid  in  Sleeping  Sickness.  An  account 
o/143  lumbar  punctwes  performed  at  early  and  late  stages 
of  this  disease. 

Since  November  1904,  40  patients  have  been  admitted  to  our 
hospital  as  either  early  or  late  cases  of  sleeping  sickness.  32  of 
these  patients  are  dead,  all  but  one  of  them  having  undoubtedly 
died  from  sleeping  sickness  as  proved  by  the  clinical  course  of  the 
disease  and  by  p)ost-nwrtem  examination.*  Trypanosomes  have 
been  found  in  the  cerebro-spinal  fluid  of  30  out  of  these  31  fatal 
cases  of  sleeping  sickness  at  some  time  or  other  before  death. 
The  one  case  in  which  trypanosomes  were  not  found  was  only 
examined  a  few  hours  before  death. 

*  The  one  case  (Rehani,  No.  36)  died  from  sarcoma  of  the  cervical  glands 
with  secondary  deposits  in  the  internal  organs.  Trypanosomes  were  also 
present  in  the  blood  of  this  man  ;  but  a  microscopical  examination  of  his 
bram  after  death  showed  no  small-celled  infiltration  so  typical  of  sleeping 
sickness,  nor  were  trypanosomes  found  in  his  cerebro-spinal  fluid  during  life, 
so  that  no  doubt  m  his  case  the  trypanosome  infection  was  quite  recent. 
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We  have  omitted  from  the  following  list  any  lumlmr  punctures 
performed  by  us  in  which  the  resulting  spinal"  fluid  was  found  to 
be  contaminated  with  blood  to  anv  appreciable  extent,  if  try- 
loanosomes  were  also  found  to  be  present  in  a  blood-film  taken  at 
the  time  of  the  operation.  All  these  cases  showed  marked 
lethargy  which  deepened  into  coma  as  death  approached.  In 
nearly  every  case  the  temperature  was  sub-normal  for  several 
days  before  death. 

On  these  31  fatal  cases  of  sleeping  sickness,  104  lumbar 
punctiires  have  been  performed  at  varying  periods  before  death, 


with  the  following  results  : — 


Table  I. 


The  examination  of  the  cerebro-spinal  fluid  of 
31  fatal  cases  of  Sleeping  Sickness  for 
Trypanosoma  gamhimse. 

Trypanosonios 
present  in 

Trypanosomes 
absent  in 

Of  43  examinations  made  more  than  100  days 

bef  oi'e  death. 
Of  61  examinations  made  within  100  days  of 

death. 

18 

58 
• 

25 

In  these  last  three  fatal  cases  in  which  trypanosomes  were  not 
found,  the  lumbar  punctures  were  performed  within  24  hours  of 
death. 

On  the  remaining  14  cases  who  are  still  alive,  39  lumbar 
punctures  have  been  performed,  with  the  following  results  : — 


Table  II. 


The  examination  of  the  oerebro-spinal  fluid  of 
14  cases  of  Sleeping  Sickness,  who  are  still 
alive,  for  Trt/pamsoma  ffumbiciise. 

Trypanosomes 
present  in 

Trypanosomes 
absent  in 

Of  6  examinations  made  on  five  very  early 

0 

6 

cases. 

Of  25  examinations  made   on   four  inter- 

15 

10 

mediate  cases. 

Of  8  examinations  made  on  five  late  cases  ... 

8 

0 

These  observations  entirely  corroborate  the  original  statement 
made  by  Col.  Bruce,  that  "  the  cerebrospinal  fluid  of  even)  case  of 
sleeping  sickness  contains  trypanosomes  durinf/  life.''' 

We  have  had  the  opportunity  of  examining  the  cerebro-spinal 
fluid  in  a  few  early  cases  wherein  no  symptoms  had  been 
detected  other  than  occasional  fever  and  the  presence  of  try- 
panosomes in  their  blood  and  lymphatic  glands.  In  these  cases 
the  cerebro-spinal  fluid  has  been  found  by  us  to  be  perfectly 
normal  ;  containing  no  trypanosomes,  and  with  only  the  slightest 
trace  of  cellular  deposit  after  centrifuging.    We  may  say  then, 
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from  the  observations  we  have  had  an  opportunity  of  making, 
that  the  cerebrospinal  aid  of  early  cases  of  tri/jMiuosome  infection 
does  not  contain  trypanosomes. 

When  we  come  to  consider  the  cases  between  these  two 
extremes,  that  is  to  say,  the  cases  between  100  and  300  days  of 
death,  of  30  lumbar  punctures  actually  performed  by  us,  22  have 
been  positive  and  eight  negative. 

We  give  the  following  table,  which  shows  the  date  and  the 
number  of  days  before  death  of  any  given  lumbar  puncture,  and 
also  the  state  of  the  blood,  as  shoAvn  by  a  large  blood  film,  and 
gland  juice  at  the  time  of  the  operation.  In  every  case  20  cubic 
centimetres  of  cerebro- spinal  fluid  were  drawn  off,  centrifuged  at 
once  for  five  minutes,  and  the  whole  deposit  was  examined  fi-esh. 
As  above  stated,  in  early  cases  of  trypanosome  infection  we 
have  always  found  that  the  white  cell-elements  are  exceedmgly 
scanty,  appearing  as  only  a  shght  film  at  the  bottom  of  the  test 
tube  after  centrifuging.  We  have  likewise  observed  the  presence 
of  trypanosomes  in  the  cerebro-spinal  fluid  to  be  accompanied  by 
some  increase  in  the  number  of  white  cells,  and  that  as  death 
draws  near  the  number  of  Avhite  celb  increases.  We  have  noted 
in  several  cases  within  a  day  or  two  of  death  that  trypanosomes 
could  not  be  found  in  the  cerebro-spinal  fluid  which  on  former 
examinations  had  constantly  shown  parasites,  but  that  the 
cellular  deposit  was  as  large  or  even  larger  than  before. 
Probably  the  presence  of  large  numbers  of  diplococci  may  be 
responsible  for  the  disappearance  of  the  trypanosomes. 

Table  III. 


Showing  the  Result  of  Examinatinns  of  the  Cerebrospinal  fluid,  Blood 
and  Gland-juice  of  46  cases  of  Sleeping  Sickness  for  Trypanosoma 
gambiense  : — 


Name. 

Date. 

Number 
of  days 
before 
death. 

Trypanosomas 

Cerebro-spinal  fluid. 

111 
Blood. 

In 
Glands. 

Trypano- 
somes. 

Leucocytes. 

Timitao 

12.9.04 

74 

+ 

Slight  incr. 

M.  25  yrs. 

17.11.04 

8 

+ 

+ 

Incr. 

(1) 

25.11.04 

Autopsy 

» 

Abyabu 

15.8.04 

133 

+ 

+ 

+ 

Slight  incr. 

M.  20  yrs. 

2.3.0.04 

94 

+ 

+ 

+ 

)) 

(2) 

21.11.04 

35 

+ 

+ 

Incr. 

20.12.04 

6 

+ 

+ 

Large  incr. 

26.12.04 

Autopsy 

+ 

» 

Badingo 

3.10.04 

86 

+ 

+ 

Incr. 

M.  20  yrs. 

2.5.11.04 

33 

+ 

+ 

)) 

(3) 

26.12.04 

2 

+ 

+ 

Large  incr. 

28.12.04 

Autopsy 

+ 
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Name. 

Date, 

Number 
of  days 
before 
death. 

Trypanosomes 

Cerebro-spinal  fluid. 

In 
Blood. 

In 
Glands 

Trypano 
somes. 

Leucocytes. 

Zenabu  ... 
F.  19  yrs. 
(4) 

11.1.05 
1.3.05 

30.3.05 
2.4.05 

81 

32 
3 

Autopsy 

-r 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

Slight  incr. 
)) 

Incr. 
I) 

Kaparaga  ... 
M.  28  yrs. 
(5)"^ 

4.1.05 
27.1.05 
29.1.05 

25 
2 

Autopsy 



+ 

1 

+ 

+ 
+ 

») 
» 

Suddwaka  ... 
M.  22  yrs. 
(6) 

21.1.05 
6.3.05 
14.3.05 

52 
8 

Autopsy 

+ 

+ 
1 

+ 

Liarge  incr. 
» 

Keranya 
M.  29  yrs. 
(7) 

17.2.05 
8.3.05 
12.3.05 

23 
4 

Autopsy 



+ 
1 

+ 

1 

+ 

Slight  incr. 
Ureat  incr. 
)» 

Tumbo 
M.  10  yrs. 
(8) 

6.3.05 
19.4.05 
22.4.05 

48 
4 

Autopsy 

+ 

+ 
+ 

+ 
+ 
+ 

Slight  incr. 

Incr. 
Great  incr. 

Monica 
F.  12  yrs. 
(9) 

20.2.05 
7.3.05 
21.3.05 

29 
14 
Autopsy 

+ 

+ 
4. 

+ 

+ 

+ 

Incr. 
1) 
(» 

Jabolas 
M.  9  yrs. 
(10) 

11.3.05 
24.3.05 

13 

Autopsy 

+ 

+ 

+ 

1 

)> 
)) 

Kenduga 
M.  24  yrs. 
(11) 

20.3.05 
14.4.05 
23.4.05 

34 
9 

Autopsy 

+ 

+ 

+ 

1 

+ 

)> 
i> 

Great  incr. 

Zerimenya  ... 
M.  28  yrs. 
(12) 

22.4.05 
12.5.05 
15.5.05 

23 
3 

Autopsy 

+ 
+ 

+ 
+ 

1 

Incr. 
II 
)i 

Almasi 
M.  32  yrs. 
(13) 

6.12.04 
7.12.04 

1 

Autopsy 

+ 

Great  incr. 
11 

Maharabu 

Stitu  n ill 

M.  26  yrs. 
(14) 

22.12.04 

Q  1  flfi 
U.I.UO 

17 

Autopsy 



+ 

+ 

Great  incr. 
» 

Zake  

M.  23  yrs. 
(15) 

11.5.05 
17.5.05 

6 

+ 

+ 

+ 

Tucr. 
Great  incr. 

Vule  

M.  21  yrs. 
(16) 

9.3.05 
20.3.05 

11 

Autopsy 

+ 

+ 

I) 
11 

Id 


Number 

Trypanosomes 

Cerebro-Bpinal  fluid. 

Date. 

of  days 
before 
death. 

Name. 

In 
Blood. 

In 
Glands. 

Trypano- 
somes. 

Leucocytes. 

Waaaneri 
M,  26  yrs. 
(17) 

18.3.05 
7.5.05 

31.5.05 
2.6.05 
6.6.05 

81 
30 

6 

4 

Autopsy 

— 

1 

+ 
+ 
+ 

+ 
+ 
+ 

Incr. 
Great  incr. 

)> 
)j 

Zakibu  ... 
M.  24  yrs. 
(18) 

9.5.05 
9.6.05 
11.7.05 
8.8.05 

... 

Still 

alive. 

+ 

+ 
+ 
+ 

+ 
+ 
+ 
+ 

Incr. 
it 

Sururu 

Morjan, 
Nubian.  M. 
(19) 

1.7.05 
1.8.05 

1 

Autopsy 

+ 

+ 

Great  incr. 
» 

Vikitdyeya  ... 
F,  23  yrs. 
(20) 

8.5.05 
23.5.05 
28.5.05 

20 

5 

Autopsy 

— 

+ 
+ 

+ 
+ 
+ 

Incr. 
)) 

Thomasadi  ... 
M.  26  yrs. 
(21) 

26.5.05 
25.6.05 

30 
Autopsy 

+ 

+ 
+ 

»i 
»> 

Busaja 
M.  19  yrs. 
(22) 

16.1.05 
8.3.05 
6.5.05 
15.6.05 
29.6.05 
30.6.05 

165 
114 

55 

15 
1 

Autopsy 

+ 
+• 

+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

Yery  few. 
Slight. 
)i 
)» 

Slight  incr. 
>i 

J  abu  Brahun 
Swahili. 
M.  26  yrs. 

n  ^''^ 
Hamesi 

M.  28  yra. 

(24) 

12.5.05 
2.6.05 
4.7.05 

26.11.04 
28.12.04 
24.2.05 
13.5.05 
17.6.05 
3.7.05 
5.7.05 

60 
32 
Autopsy 

219 
187 
153 

61 

18 
2 

Autopsy 

+ 
+ 

+ 
+ 
+ 

+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 

Incr. 
» 

Very  few. 
>) 

Slight  incr. 
Incr. 
Few. 
)> 

Many. 

Punda  Mulia 
(25) 

14.7.05 
12.8.05 
17.9.05 

72 
36 
Autopsy 

+ 
+ 

+ 
+ 

Incr. 
Large  incr. 
I) 

Babula 
(26) 

23.11.05 
24.11.05 

1 

Autopsy 

+ 

+ 

+ 

Great  incr. 
)) 

Jumma 
(27) 

23.11.05 
7.12.05 
8  12.05 

15 
1 

Autopsy 

+ 
+ 

+ 

Incr. 
)) 
)> 
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Name. 


Moanica 
M.  28  yrs. 
(28) 

Upungu 
M.  20  yrs. 
.  (29) 


Sabakaki 
(30) 


Manawa 
M.  25  yrs 
(31) 


Jordien 

Murjati. 
Nubian.  M. 
(32) 


Sengoraa 
M.  23  yrs. 
(33) 


Date. 

Number 
of  days 
before 
death. 

Trypanoaomes 

Cerebro-spinal  fluid. 

In 
Blood. 

In 
Glands. 

Trypano- 
Homes. 

7.12.05 

21 

+ 

+ 

Incr, 

a.uiiopsy 



+ 

Great  incr. 

8.5.05 

... 



+ 

,  i 
■  +  1 

Very  scanty. 



+ 

+ 

10.7.05 

stiii 

■ 

•  ■  + 

+ 

» 

a'ive. 

25.5.05 

... 

+ 

+ 

+ 

Scanty 

10.6.05 

Still 

— . 

+ 

+ 

I) 

alive. 

9.6.04 

... 

+ 



Very  few. 

10.5.05 

... 







16.6.05 

... 



+ 

;i 

... 

25.7.05 

... 

~  ■ 



+ 

Very  few. 

18.8.05 

. . . 

■  

... 

+ 

)) 

23.9.05 

... 

... 



)) 

28.10.05 

... 

... 



)j 

7.12.05 

... 

— — 





)i 

7.1.06 

Still 





+ 

Slight  incr. 

alive. 

31.3.03 

83S 

+ 



... 

17.4.03 

821 

... 



... 

1.5.03 

807 

+ 



•  •  • 

11.5.03 

796 

+ 



... 

25.5.03 

782 

+ 



... 

9.6.03 

767 

+ 

23.6.03 

753 

+ 

"IT             ^  _ 

Very  tew. 

22.7.03 

724 

+ 

t  0 

+  r 

•  •  • 

18.8.03 

697 

+ 

t  o 

+? 

•  •  • 

21.9.03 

663 

+ 

•  •  • 

9.10.03 

614 

+ 

•  at 

26.12.03 

566 

+ 

... 

1.2.04 

530 

... 

21.3.04 

461 

+ 

+ 

7.6.04 

383 

+ 

+ 

+ 

Very  few. 

18.7.04 

342 

+ 

+ 

+ 

+ 

+ 

» 

2.10.04 

266 

+ 

+ 

+ 

13.12.04 

194 

+ 

+ 

+ 

incr. 

3.1.05 

173 

+ 

+ 

+ 

)) 

8.4.05 

78 

+ 

+ 

)i 

30.5.05 

26 

*+ 

+ 

+ 

Great  incr. 

26.6.05 

Autopsy 

1 

+ 

» 

9.5.05 

170 

+ 

+ 

+ 

Few. 

7.6.05 

141 

+ 

+ 

)) 

7.7.05 

111 

+ 

+ 

Incr. 

4.8.05 

83 

+ 

+ 

1) 

14.9.05 

42 

+ 

+ 

+ 

Great  incr. 

25.10.05 

1 

+ 

+ 

>i 

26  10.05 

Autopsy 

+ 

» 

15 


Number 
of  days 
before 
death. 

Trypanosomop 

UereD 

:o-spinal  fluid. 

Name. 

Date. 

In 
Blood. 

In 
Glands. 

Trypan 
somes 

D- 

Leucccyfces. 

Mondu  ... 
M.  25  yr?. 
(34) 

9.7.04 
4.11.04 
11.5.05 
14.6.05 
11.7.05 
17.8.05 
23.9.05 

28.10.05 
6.12.05 

22.12.05 

■  533 
413 
231 

■  191  • 
165 
127 

90 
55 
16 

Autopsy 

+ 

+ 
+ 

+ 

+ 

+ 
+ 
+ 
+ 
+ 

Very  few. 
)) 
)> 

Slight  mcr. 
)) 

Incr. 
)) 
)) 

Great  incr. 
)i 

Tenwa 
M.  25  yrs. 

(35) 

7.6.04 
4.11.04 
10.5.05 
10.7.05 

lo.o.UO 

23.9.05 
28.10.05 
6.12.05 

^  1  06 

Ali  VG 

— 

— 

+ 
... 

— 

— 

+ 

+ 
+ 

l 

Very  few. 
Incr. 

)) 
)) 

Very  slight. 
Slight  incr. 
)) 

Rehani 
M.  35  yrs. 

10.1.06 
11.1.06 

1 

Autopsy 

+ 
+ 

— 

Very  scanty. 
Scanty. 

Retero 
M.  18  yrs. 
(37) 

6.12.05 
'  5.1.06 

Still 
alive. 

+ 
+ 

+ 

Great  incr. 
)) 

Mataisa 
(38) 

;  4.1.06; 

)> 

+ 

+ 

Very  few. 

Keosi 

4.1.06 

— 

+ 

+ 

Large  incr 

Lufumina  ... 
(40) 

6.12.05 
15.1.06 

Still 

alive. 

+ 

+  ■ 

+ 
+ 

Incr. 
)) 

Zekya 
(41) 

10.1.06 
15.1.06 

Still 
alive. 

+ 

+ 
+ 

Very  few. 

Tabula 
M. 

(42) 

15.4.03 
6.5.03 
25.6.03 
22.8.03 
5.1.04 
27.6.04 
5.12.04 
14.2.05 
13.5.05 

777 
756 
706 
648 
523 
360 
189 
118 
30 

+ 

*+ 

+ 
+ 
+ 

+ 
+ 

•  a  • 

... 

•  •  • 

•  •  • 

•  «  * 

Incr. 
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Name. 

Date. 

Number 
of  days 
before 
death. 

Trypanosomes 

Cerebro-spinal  fluid. 

In 
Blood. 

In 
Glands. 

Trypano- 
somes. 

Leucocytes. 

Halone 

18.1.06 

Still 
alive. 

+ 

Very  few. 

Mr.  Z. 

26.5.05 

)i 

+ 

+ 

)) 

Indian 
L.S. 

)> 

+ 

+ 

(I 

Yusufu 
M.  16  yvs. 

8.7.05 

+ 

+ 

)) 
)) 


)) 
)) 


III.— a7iali/sis  of  32  post-mortem  examinations  performed  on 
cases  of  Sleeping  Sickness. 

Out  of  a  total  of  32  post-mortem  examinations  made  on  cases 
ot  sleepmg  sickness  since  November,  1904,  actively  motile 
trypanosomes  have  been  found  in  the  cerebro-spinal  fluid  of  20. 
In  24  cases  the  examination  was  made  within  five  hours  after 
death,  and  in  as  many  as  19  of  these  cases  motile  trypanosomes 
could  be  found  m  the  cerebro-spinal  fluid. 

An  analysis  of  these  32  p)ost-mortcm  examinations  shows— 

Trypanosomes  present  in  a  blood  film    5  times. 

the  brain   H 

cerebro-spinal  fluid        ...  20 

„        lymphatic  glands   3 

Diplo-cocci  were  present  in  the  brain   22 

I)  )i  „      cerebro-spinal  fluid...  28 

''.  ,    ,      ».  ).       spleen    27 

buperncial  ulceration  of  the  stomach  was  found  to 

be  present    23 

Complications  sufficient  in  themselves  to  be  a  cause  " 

of  death    7 

...       ...     I  „ 

These  complications  consisted  of  lobar  pneumonia  2  ;  purulent 
meningitis,  2  ;  ulcerative  endocarditis,  1  ;  general  acute  pleurisy,  1  • 
sarcoma  of  cervical  glands,  with  deposits  in  liver  and  spleen,  1.  ' 

In  the  majority  of  cases  the  body  showed  marked  emaciation., 
and  bed-sores  were  often  present. 

The  skin  was  generally  very  drv  and  harsh,  old  scabs  and 
scratch  marks  being  very  common.  The  feet  and  sometimes  the 
hands  were  frequently  infested  with  "chiggers."  The  lymphatic 
glands,  both  superficial  and  deep,  were  always  enlarged,  this 
enlargement  being  especially  noticeable  in  the  deep  cervical  and 
axillary  groups.  In  these  regions  the  glands  presented  their 
characteristic  soft,  moveable  character,  were  enlarged  to  some 
four  or  five  times  the  normal  size  and  were  often  hasmorrhagic 
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on  section.  The  glands  of  the  groin  were  always  enlarged  but 
were  generally  hard  or  else  showed  points  of  suppuration  due  no 
doubt  to  the  septic  condition  of  the  feet.  Localised  oedema  was 
seen  occasionally,  two  cases  showing  marked  oedema  of  the  feet. 
CEdema  of  the  eyelids  was  a  prominent  feature  in  three  cases. 
The  pupils  were  never  noticed  to  be  unequal.  The  dura  mater 
was  often  thickened  and  in  places  adherent  to  either  the  bone  or 
pia  arachnoid.  The  cerebro-spinal  fluid  was  nearly  always 
increased  in  amount  and  very  cellular.  The  blood  vessels  on  the 
surface  of  the  brain  were  generally  engorged.  The  lepto- 
meninges  often  showed  patches  of  localised  thickening  and 
opacity,  especially  at  the  base  of  the  brain.  The  brain  substance 
appeared  normal.  The  lungs  were  generally  very  oedematous 
and  congested  ;  old  pleurisy  was  often  seen.  Minute  petechial 
hfemorrhages  were  seen  under  the  pleura  on  the  surface  of  both 
lungs  on  several  occasions.  The  heart  was  as  a  rule  pale  and 
flabby  with  its  cavities  somewhat  dilated.  The  liver  very  often 
showed  a  "nutmeg"  appearance  on  section.  The  spleen  was 
constantly  considerably  enlarged  and  generally  seemed  congested. 
The  mucous  membrane  of  the  stomach,  as  mentioned  above, 
showed  a  varying  amount  of  superficial  ulceration  in  as  many  as 
23.  cases.  {See  Report  VI.,  of  Sleeping  Sickness  Commission  of 
Royal  Society,  page  266.)  We  have  not  seen,  this  condition  of 
the  stomach,  so  far,  in  the  few  post-mortem  examinations  we 
have  witnessed,  on  natives  who  have  died  from  diseases  other 
than  sleeping  sickness. 

A  well  marked  small-celled  infiltration  around  the  blood  vessels 
was  seen  in  sections  of  those  brains  which  were  microscopically 
examined, — 13  in  all.  Sections  of  these  brains  were  stained  by 
Leishman's  method  for  demonstrating  chromatin  in  sections,  in 
the  hope  that  trypanosomes  would  be  observed  in  the  brain 
substance.  On  one  occasion  only  were  we  able  to  see  trypano- 
somes in  this  way  and  then  only  in  very  scanty  numbers. 
However,  in  smears  of  brain,  trypanosomes  have  been  seen  in 
11  cases,  more  often  in  smears  from  the  brain  surface  than  from 
the  deeper  parts.  In  examining  these  brains  for  trypanosomes 
our  usual  method  has  been  to  make  emulsions  of  the  various 
parts  of  the  brain  in  normal  citrate  solution  with  the  help  of  a 
pestle  and  mortar,  to  then  centrifuge  these  emulsions  and  to 
examine  drops  of  the  resulting  deposits  fresh.  If  trypanosomes 
were  found  in  any  of  these  deposits,  a  drop  of  fresh  blood  serum 
was  added,  well  mixed  with  the  deposit  and  smeared  out  for 
staining. 

Actively  motile  trypanosomes  can  nearly  always  be  found 
somewhere  in  the  body  of  a  patient  who  has  died  of  sleeping 
sickness,  provided  that  the  examination  be  made  within  an  hour 
or  two  after  death.  In  by  far  the  greater  number  of  cases  these 
trypanosomes  will  be  most  easily  found  in  either  the  cerebro- 
spinal fluid  or  emulsions  of  the  brain  substance.  In  our 
experience  we  hfiye  but  rarcl;j'  found  parasites  in  the  blood  after 
25089  T, 
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death,  and  still  more  rarely  in  the  lymphatic  glands.  In  one  case 
trypanosomes  were  numerous  in  the  pericardial  fluid  as  well  as  in 
the  blood  and  cerebro-spinal  fluid  after  death. 


Table  IV. 

Showing  the  Results  of  the  Post-mortem  Examitiation  of  the  Blood,  Brain,  and 
Cerebro-spinal  Fluid  of  32  cases  of  Sleeping  Sickness  for  Trypanosoma 
gambiense. 


Name 


No.  of 
Hours 
after 
Death. 


Trypanosomes  found  in 


Blood, 

Brain. 

Cerebro 
spinal 
Fluid. 

Oortex. 

Centre. 

+ 

— 

■  •  • 

+ 
+ 
+ 

... 

... 

+ 

+ 

*+ 

— 

+ 

+ 
1 

-r 
+ 
+ 

+ 

+ 
+ 

*+ 

+ 

+ 

+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 
+ 

+ 

1.  Timateo 

2.  Abyabu  ... 

3.  Badingo 

4.  Zenabu  ... 

5.  Kaparaga 

6.  Suddwaka 

7.  Keranya 

8.  Tumbo  ... 

9.  Monica  ... 

10.  Jabolas  ... 

11.  Kenduga 

12.  Zerimenya 

13.  Almasi  

14.  Maharubu 

15.  Zake   

16.  Vule   

17.  Wasaneri 

18.  Sururu  Morjan.. 

19.  Vikitdyeya 

20.  Thomasidi 

21.  Busaja  

21.  Jabu 

23.  Hamesi  

24.  Pundamulia 

25.  Babula  

26.  Juma 

27.  Moanica  

28.  Jordien  Murjan 

29.  Sengoma 

30.  Mondu  

31.  Eehani  

32.  Musajabura 


14 
1 
1 

3 
2 
1 

3 

10 
12 

3 

H 
1 

12 

1 

4.^ 

i 
i 

n 

10 

9 

10 
3^ 
U 

4 


IV. — Human  Trypanosomiasis  and  its  relation  to  Sleeping 

Sickness, 

In  June,  1903,  Colonel  Bruce  and  the  other  members  of  this 
Commission  found  trypanosomes  in  the  blood  of  23  persons,  all 
but  one  of  whom  were  natives  of  Africa.    AH  these  men  then 
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presented  the  ordinary  symptoms  of  Trypanosoma  fever,  that  is 
to  say,  they  suffered  from  irregular  periods  of  fever,  headache 
and  malaise,  their  glands  were  enlarged  and  trypanosomes  could 
be  found  in  their  blood  at  varying  intervals.  Unfortunately  all 
traces  of  10  of  these  individuals  have  been  lost,  but  the  remain- 
ing 13  have  been  under  more  or  -less  continual  observation,  and 
their  histories  are  very  striking.  At  the  present  time  (April, 
1906)  only  one  of  these  13  men  is  alive,  and  he  is  now  beginning 
to  show  symptoms  of  sleeping-sickness  trypanosomes  have  been 
continually  found  either  in  his  blood  or  glands  from  the  very 
beginning.    (See  case,  Kumsarsabba,  page  24.) 

Of  the  remaining  12  individuals,  10  have  already  died  of 
sleeping  sickness  and  two  of  pneumonia.  The  following  table 
gives  their  names  and  the  date  of  their  death  : — 

Table  Y. 


List  of  Individuals  in  whose  blood  Trypanosomes  were  first  discovered  in 
June,  1903,  giving  the  date  and  cause  of  death. 


Name. 

Date  of  Death, 

Cause  of  Death. 

Mucase   

Saulo   

Gabula   

^Karala  Barigi   

*Bara  Risgallah   

Kululwe  

Buza   

Kitungula  

Tevamukopi 

fTabula   

f  Jordien  Murjan  

J.  M.  (European) 

Kumsarsabba   

Dec.  .13,  1903 
Dec.  2,  1903 

Jan.  1904   

April  18,  1904 

May  5, 1904  

Dec, 1904   

March  2,  1905 

March,  1905  

April,  1905   

June  12,  1905 
June  26,  1905 

April,  1906   

Alive  on  April  3,  190 
symptoms  of  sleepin 
1 

Sleeping  sickness. 

))  ») 

I)  )) 
Pneumonia. 

)> 

Sleeping  sickness. 
))  }» 
)>  » 
»>  )» 
)i  )) 
))  )) 

6,  but  is  showing  early 
g  sickness. 

*  For  details  see  Report  No.  VI.  of  this  series,  page  40. 
t  A  detailed  account  of  these  cases  follows. 


Case  66.   Tabula  (Male).   Age  25.   Tkypanosoma  Fever. 
District,  Marine  Village,  Entelhe.    Occupation,  Marine. 

April  15,  1903.  Is  a  marine  of  one  year's  service,  lives  in  the  Marine 
Village  where  he  says  there  are  no  cases  of  sleeping  sickness.  He  used  to 
live  in  Entebbe.  He  says  that  he  has  been  ill  for  nine  days  and  does  not 
remember  ever  being  ill  before.  He  complains  of  slight  headache.  Pulse,  96  ; 
temperature,  100° ;  speech,  quite  normal  ;  tongue  moist  and  clean,  not 
tremulous.  There  is  no  tremor  of  the  fingers.  Cervical  lymphatic  glands 
slightly  enlarged.  Enlarged  glands  in  both  groins.  Trypanosomes  are 
present  in  a  blood  film,  but  not  in  the  cerebro-spinal  fluid. 

April  20.  Temperature  is  normal  to  day,  having  been  persistently  raised 
for  the  last  five  days,  v  o         r  j 
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reSednormif"'''^  '^^P^*'^'  temperature  having 

June  4.    Temperature,  100-6°    Trypanosomes  not  present  in  the  blood. 

r^<^t^^^^lt  ■  ^'""^'f ^Jt.  ''''''^  ^''^  complains  of  nothing.  His  gait  is 
tTriS  iint  A .  •i''^  KT'-  cerebro-spinal  fluid  has  been  examined  five 
times  since  April,  but  has  never  shown  the  presence  of  trypanosomes. 

wr.^rS^''  ^Pfient  shows  no  signs  of  sleeping  sickness  ;  he  is  at  his 
TlnvjT  '1"^*^  "'^^ipit^l  gl^^ds  are  slightly 

frinvnl   r  markedly  so     The  axillar|  and 

femoial  glands  are  a  so  enlarged.  The  fingers  seem  to  be  slightly  tremulous. 
There  is  tremor  of  the  tongue  The  gait  and  expression  are  quite  normal, 
i  here  is  no  pain.    Pulse,  80.    Temperature,  normal. 

January  5,  1904.  Complains  of  headache  and  pain  in  the  eyes.  Pulse  68 
blight  tremor  of  tongue  and  hands.    Glands  enlarged.  '  ' 

March  29.  He  is  reported  to  be  very  dull  and  stupid  at  his  work 
I'ulse,  80.  Kemoved  an  enlarged  lymphatic  gland  from  the  anterior 
triangle  of  the  neck.  Numerous  and  actively  motile  trypansomes  are  present 
m  the  gland  ]uice.    Tongue  is  tremulous. 

June  13,  Facial  expression  is  dull.  Tremor  of  tongue  and  hands. 
Pulse,  120.  Lympathic  glands  generally  enlarged  in  all  the  regions.  Patient 
would  not  allow  any  examination  of  his  cerebro-spinal  fluid.  Trypanosomes 
present  in  the  gland  juice  and  in  a  blood  film. 

June  27.  Patient  found  asleep  on  duty.  Examined  cerebro-spinal  fluid, 
trypanosomes  are  absent. 

December  5.  He  is  getting  distinctly  drowsy.  Trypanosomes  absent  from 
the  cerebro-spinal  fluid. 

February  8,  1905.  Patient  shows  marked  signs  of  sleeping  sickness. 
Tremor  of  tongue  and  fingers  has  increased.  He  is  drowsy,  the  voice  is 
weak  and  his  speech  slow.  The  gland  enlargement  remains  as  before. 
Temperature,  104°.    Admitted  into  the  native  hospital. 

February  14.  Removed  20  c.c.  cerebro-spinal  fluid.  The  cellular  deposit  is 
larger  than  before.  Trypanosomes  are  present  in  moderate  numbers.  The 
cerebro-spinal  fluid  is  under  considerable  pressure.  It  is  sterile.  Trypano- 
somes present  in  the  lymphatic  gland  juice,  but  are  absent  from  a  blood 
film.  Patient  says  that  he  feels  weak  and  drowsy.  He  speaks  normally, 
but  his  gait  is  uncertain.  There  is  no  wasting  ;  his  appetite  is  fairly  good. 
He  complains  of  headache.  There  is  marked  tremor  of  the  tongue  and 
fingers. 

February  21.    Injections  of  perchloride  of  mercury  started. 

March  4.  Patient  has  had  daily  injections  of  mercury,  -^^ih.  grain,  but 
without  any  marked  effect.  His  temperature  has  varied  between  99°  and  101° 
every  evening  since  admission. 

May  13.  Patient  remains  in  much  the  same  state.  His  temperature, 
though  above  normal,  is  not  so  high  as  it  was.  Drowsiness  is  increasing. 
Speaks  in  a  very  slow  weak  voice  when  roused.  Tremor  is  marked. 
Examined  the  cerebro-spinal  fluid  ;  trypanosomes  are  present  and  numerous. 

June  3.  Patient  managed  to  crawl  out  of  bed  yesterday  and  fell  down, 
cutting  his  head.  The  fall  has  been  followed  by  twitching  of  all  the  limbs 
and  choreiform  movements  which  came  on  soon  after  the  fall  and  which 
lasted  many  hours  afterwards.  • 

June  7.    Patient's  temperature  has  sunk  to  sub-normal  and  he  is 
moribund. 

June  8.  Patient  removed  from  the  hospital  in  the  night  by  his  friends. 
A  few  days  later  news  was  brought  that  patient  was  dead,  but  a  post-mortem 
examination  was  not  allowed. 
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The  following  table  shows  the  presence  or  absence  of  trypauosomes  in  tke 
blood,  glands,  and  cerebro-spiual  fluid  : — 


Date. 


Parasites  in  Blood. 


Fil. 


Mai. 


Ti-yp. 


April  15 

May  6 
20 
4 

„  25 
Aug.  22 
Sept.  25 
Nov,  13 


1903. 


June 


Jan.  5 
March  29 
June  13 
„  27 
Dec.  6 


1904. 


Feb.  1 

8 

May  13 


1906. 


+ 

+ 
+ 
+ 
+ 


+ 


+ 


+ 

+ 

+ 
+ 
+ 


Parasites  in 
Glands. 


Strept. 


Tryp. 


+ 
+ 
+ 
+ 


+ 
+ 
+ 


Parasites  in 
Cerebro-spinal 
Fluid. 


Strept. 


Tryp. 


+ 
+ 


This  man's  temperature  followed  the  usual  course.  There  was  constant 
fever  for  seven  months  before  death.  About  a  fortnight  before  death  the 
temperature  became  sub-normal. 


Case  64.   Jordien  Muejan.    Male.   Age  36. 

District,  Muru.    Ntibian.    Prisoner  for  last  thrae  years. 

March  31,  1903.  Admitted  to  hospital.  No  oadema,  no  noticeable  swelling 
of  glands.  Tongue  healthy,  but  shaky.  No  tremor  of  hands.  Speech  is 
normal  and  pulse  144. 

August  18.  This  patient  at  the  present  date  has  not  any  marked  symptoms 
of  sleeping  sickness.  At  the  same  time,  there  is  slight  general  enlargement 
of  the  lymphatic  glands,  his  expression  is  dull,  there  is  some  tendency  to 
tremor  of  the  tongue  and  fingers,  and  his  pulse  is  rapid. 

September  21.  Expression  is  dull  and  heavy.  Complains  of  no  pain. 
Appetite  good.    Pulse  136.    Slight  tremor  of  tongue  and  fingers. 

November  9.  No  definite  signs  of  sleeping  sickness.  Pulse  120.  Fine 
tremor  of  tongue. 

December  26.  Tremor  of  fingers  distinct.  Trypauosomes  present  in 
the  cerebro-spinal  fluid. 

February  1,  1904.    G-eneral  condition  as  before. 

March  21.  A  gland  in  left  anterior  triangle  of  neck  was  removed  ;  active 
trypanosomes  were  present  in  the  juice. 

June  7.  Pulse  104.  No  pain.  Tremor  of  hands  and  tongue  present. 
(Edematous  swelhngs  of  both  logs.  Cerebro-spinal  fluid  contains  active 
trypanosomes  ;  no  red  cells,  He  is  reported  to  be  "  very  dull  and  stupid  and 
fit  for  very  little  work," 
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July  18.  ComiDlains  of  pain  in  head,  arms  and  chest,  also  of  itching. 
Pulse  125.  Active  trypanosomes  in  cerebro-spinal  fluid  ;  no  red  cells  in  the 
deposit. 

August  25.  Complains  of  no  pain.  Pulse  is  120.  (Edema  of  right  foot. 
Trypanosomes  present  in  cerebro-spinal  fluid  ;  no  red  cells. 

October  2.  Tremor  of  hand  ;  no  pain.  Slight  cedematous  swelling  of 
left  foot.    Trypanosomes  in  cerebro-spinal  fluid  ;  no  red  cells  in  deposit. 

December  13.  Pulse  110.  Patient  seems  in  just  the  same  state.  CEdema 
of  both  feet.    Trypanosomes  in  cerebro-spinal  fluid. 

February  8,  1905.  Pulse  100.  Slight  tremor  of  tongue  and  lips. 
Complains  of  nothing.  Is  reported  to  be  very  dirty  and  to  do  no  work 
at  all. 

April  8.  Face  very  dull  looking  and  expressionless.  Heavy  tired  look 
about  the  eyes.  Complains  of  nothing,  maintains  a  very  sullen  attitude. 
Gland  enlargement  quite  marked  on  both  sides  of  neck  and  in  both  axillae. 
Glands  soft  and  moveable.  Skin  very  dry  and  harsh.  CEdema  of  both  feet 
and  around  both  eyes.  He  is  able  to  walk  a  short  distance  without  any 
difficulty.    Trypanosomes  numerous  in  cerebro-spinal  fluid. 

May  1.    Much  worse.    Can  hardly  walk  at  all.    Tremor  very  distinct. 

May  18.  Patient  admitted  to  the  sleeping  sickness  hospital.  Cannot 
stand  without  support.  Appetite  bad  ;  has  lost  flesh  considerably  of  late. 
Much  expectoration  of  very  watery  sputum.  Pulse  120.  Dulness  of  base  of 
both  lungs.  Marked  oedema  of  feet.  Extreme  tremor  of  tongue,  lips,  and 
hands.    Knee  jerks  brisk.    Pupils  normal. 

June  11.  Patient  is  bedridden.  Eats  very  little.  Lies  in  a  semi- 
conscious state  the  whole  day.  Extreme  tremor  when  aroused.  Complains  of 
pain  in  his  chest.    He  is  getting  very  thin. 

June  18.  He  is  getting  gradually  weaker.  Temperature  remains  between 
95-96°.  There  is  marked  oedema  around  both  eyes,  of  both  feet  and  of  the 
back. 

June  26.    Patient  died  at  4.30  a.m. 


The  following  table  shows  the  presence  or  absence  of  trypanosomes  in  the 
blood,  lymphatic  glands  and  cerebro-spinal  fluid  : — 


Date. 

Parasites  in  Blood. 

Parasites  in 
Glands. 

Parasites  in 
Cerebro-spinal 
Fluid. 

Fil. 

Mai. 

Tryp. 

Strept. 

Tryp. 

Strept. 

Tryp. 

1903. 
March  31  ... 
April  1   

"  I 

))  «>   

„  17   

May  1   

„  11   

„  26   

June  !>   

„  23   

July  22   

Aug.  18   

Sept.  21   

Nov.  9   

Deo.  26   

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 

+ 
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Date, 

Paraaites  in  Blood. 

Parasites  in 
Glands. 

Parasites  in 
Cerebro-spinal 
Fluid. 

Fil. 

Mai. 

Tryp. 

Strept. 

Ti-yp. 

Strept. 

Tryp. 

1904. 

Feb.  1   

March  21   

+ 

!!! 

+ 



June     7  ... 

+ 

... 

+ 

July  18   

•  •  • 

... 

+ 

+ 

Aug.  25   

•  >• 

• 

+ 

+ 

■  •• 

+ 

Oot.  2   

•  •  ■ 

+ 

... 

+ 

... 

+ 

Deo.  13   



+ 



+ 

1905. 

Jan.  3   

... 

+ 

+ 

— 

+ 

Feb.  8   



+ 

April  8   

+ 

+ 

May  1   

+ 

1)      18        ...  ... 

+ 

»  27   

+ 

„  30   

+ 

+ 

+ 

.TiTnp  fl 

+ 

17   

+ 

+ 

„  21   

+ 

26   

+ 

+ 

+ 

Since  January,  1905,  patient's  temperature  chart  has  shown  constant  slight 
evening  elevations  of  temperature,  which  continued  almost  without  inter- 
ruption to  the  middle  of  May.  During  the  third  week  of  May  there  was  a 
sharp  rise,  the  temperature  reaching  103°.  The  temperature  became  sub- 
normal at  the  beginning  of  June,  and  remained  in  this  condition  until  death. 

June  26.   Post-mortem  examination  1^  hours  after  death. 

The  body  is  that  of  a  well-nourished  man,  but  rather  thin.  There  is 
general  enlargement  of  the  superficial  lymphatic  glands.  There  is  marked 
oedema  around  both  eyes,  more  especially  the  right,  and  also  oedema  of  the 
feet.    The  pupils  are  equal  and  normal. 

Brain. — The  dura-mater  is  adherent  in  places  to  the  calvarium.  The 
pia-arachnoid  shows  areas  of  thickening  and  opacity.  The  whole  appearance 
of  the  brain  is  typical  of  sleeping  sickness.  Active  motile  trypanosomes  are 
present  in  the  cerebro-spinal  fluid  in  moderate  numbers.  Stained  films  of 
this  cerebro-spinal  fluid  deposit  show  a  vacuolated  trypanosome  and  a  few 
scattered  diplo-cocci.  Trypanosomes  can  also  be  seen  in  stained  films  made 
from  scrapings  of  the  brain  surface. 

Lungs. — Are  both  very  oedematous.  The  left  pleural  cavity  contained 
twelve  ounces  of  fluid.    Trypanosomes  could  not  be  found  in  this  fluid. 

Lymphatic  glands. — Are  enlarged  in  the  cervical  and  axillary  regions. 
Some  of  these  enlarged  glands  are  haBmorrhagic  on  section.  Trypanosomes 
could  not  be  found  in  stained  films  made  from  the  gland-juice. 

The  other  organs  of  the  body  were  all  carefully  examined  and  showed  no 
abnormality. 

RemarJcs.— -This  man  originally  came  under  observation  as  a  case  of 
Trypanosoma  fever  more  than  two  years  ago,  since  which  time  he  has 
been  continually  under  observation.  His  temperature  has  been  taken  every 
day,  and  his  blood,  glands  and  cerebro-spinal  fluid  have  been  regularly 
examined.  Trypanosomes  have  been  constantly  found  in  either  his  blood, 
glands  or  cerebro-spinal  fluid  from  the  very  beginning.  For  the  last  year, 
trypanosomes  have  been  found  in  his  cerebro-spinal  fluid  at  every  examina- 
tion.  Up  to  June,  1904,  his  temperature  charb  showed  irregular  periods  of 
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fever  lasting  for  a  day  or  two,  an  interval  of  one  or  two  weeks  of  normal 
tempei-ature  usually  intervening.  From  June,  1904,  up  to  within  a  short 
time  of  death  there  has  been  constant  daily  fever,  generally  more  marked 
towards  evening  and  varying  between  99°  and  101°. 

+1,^^°  P^*'^!,i*'s  original  slight  symptoms  very  gradually  increased  in  severity, 
tne  slight  glandular  enlargement  became  more  marked,  oedema  of  various 
parts  ot  his  body  appeared,  a  constant  daily  pyrexia  replaced  the  former 
irregular  attacks  of  fever,  and  he  became  stupid,  drowsy  and  unfit  for  any 
work,  ihe  original  shght  tremor  grew  very  marked  indeed  ;  trypanosomes 
appeared  m  his  cerebro-spinal  fluid,  and  were  afterwards  constantly  found 
there.  Goma  slowly  developed,  his  temperature  became  sub-normal,  and  he 
died  a  typical  case  of  sleeping  sickness,  amply  confirmed  at  -the  autopsy. 

Case  63.   Kumsarsabba.   Male.   Age  25  Years. 
Policeman.  Nubian. 

March  28,  1903.  Admitted  to  hospital  with  fever.  Temperature  102°. 
Says  that  he  has  never  been  ill  before,  now  complains  of  headache. 

History.— B.a.B  been  in  the  police  force  for  the  last  11  months.  Comes 
from  Buddu.  Does  not  know  anybody  with  sleeping  sickness.  Is  well- 
made  and  looks  healthy.  Tongue  furred  and  said  to  be  slightly  tremulous. 
Lymphatic  glands  not  enlarged  in  cervical  region,  but  slightly  in  the  groins. 
Walk  normal.  Speech  also  normal.  No  oedema  of  limbs  or  about  the  eyes. 
Heart  and  lungs  normal.  A  blood-film  examined  by  Dr.  Baker  showed  the 
presence  of  trypanosomes. 

March  30.    Temperature  has  fallen  to  normal. 

May  1.  Temperature  has  remained  normal  for  the  last  month.  Patient 
seems  quite  well. 

September  29.  Patient  says  that  he  feels  quite  well.  There  are  no  signs 
of  sleeping  sicknesSs.  No  headache  or  pain  anywhere.  Lymphatic  glands 
are  slightly  enlarged  in  both  posterior  triangles,  in  axillaj  and  in  both 
groins. 

November  12.  Condition  unchanged.  His  cerebro-spinal  fluid  has  now 
been  examined  six  times,  but  trypanosomes  have  never  been  found  in  it. 
His  temperature  chart  shows  several  sharp  elevations  of  temperature  to  have 
occurred  during  the  last  eight  months. 

February  2,  1904.    Patient  remains  in  exactly  the  same  state. 

April  5.  Lymphatic  glands  distinctly  enlarged  in  left  posterior  triangle 
and  in  groin.  Hands  and  tongue  very  slightly  tremulous.  Actively  motile 
trypanosomes  found  in  the  gland-juice,  examined  to-day  for  the  first  time. 
Temperature  remains  about  normal. 

September  5.  Glands  enlarged  as  before  ;  trypanosomes  numerous  in  the 
gland-juice,  but  not  present  in  the  cerebro-spinal  fluid,  which  is  very  clear 
and  almost  free  from  cellular  deposit. 

December  1 2.  Temperature  chart  now  shows  slight  daily  elevations,  which 
only  rarely  rise  a  degree  or  two  above  normal.  General  condition  remains 
as  before. 

April  26,  1905.  Glands  enlarged  as  before.  Slight  eedema  of  both  feet. 
Patient  talks  normally  and  says  that  he  feels  quite  well.  Actively  motile 
trypanosomes  present  in  the  gland- juice.  Tremor  of  hands  and  tongue  very 
slight,  if  present  at  all.  Temperature  chart  for  the  last  four  months  still 
shows  that  patient's  temperature  is  not  quite  normal,  but  that  generally 
there  is  a  slight  evening  rise. 

July  20.  Remains  in  exactly  the  same  condition.  Refuses  to  allow  any. 
more  lumbq,r  punctures  to  be  performed,  threatening  to  run  away. 
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January  6,  1906.  Temperature  chart  remains  of  the  same  character, 
showing  a  sHght  evening  elevation.  Trypanosomes  are  still  present  in  the 
lymphatic  glands  and  have  always  been  found  there  at  every  examination. 
Patient  looks  well.  He  is  reported  to  do  his  police  work  as  well  as  ever. 
He  complains  of  nothing. 

March  1 .  Patient  has  been  invalided  from  the  police  as  not  now  fit  for 
duty.  Said  by  his  native  officer  to  have  been  formerly  a  very  good  shot, 
but  to  be  now  no  good  at  all.  Also  reported  to  be  lazy  and  careless.  There 
is  a  heavy  appearance  about  the  man's  eyes,  though  he  says  that  he  has  no 
headache  and  feels  well.  His  temperature  chart  has  shown  the  same  slight 
rise  of  an  evening  for  the  last  three  months.  Tremor  of  the  fingers  is  a 
little  more  marked  than  formerly.  Patient  has  not  lost  flesh  ;  he  says  his 
appetite  is  as  good  as  ever.  There  is  some  fulness  under  the  eyes,  but  no 
oedema  anywhere  else.  Trypanosomes  are  still  present  in  the  gland- juice  in 
considerable  numbers,  but  cannot  be  found  in  a  blood-film.  He  refuses 
to  allow  any  examination  of  his  cerebro-spinal  fluid. 

A  photograph  of  Kumsarsabba  has  been  taken  to  show  his  present 
healthy  appearance  in  spite  of  the  fact  that  trypanosomes  have  been 
continually  found  in  either  his  blood  or  lymphatic  glands  for  the  last  three 
years. 

The  following  table  shows  the  presence  or  absence  of  trypanosomes  from 
the  blood,  glands  and  cerebro-spinal  fluid  of  this  patient : — 


Date. 


March  28 
May  7 
16 
19 
25 
28 
19 
29 
12 
24 
27 


1903. 


June 
July 
Aug. 
Sept. 
Nov. 

Dec. 


Feb.  2 

April  5 

Sept.  6 

Dec.  12 


1904, 


April  26 
July  30 
Deo.  20 


1905. 


Jan.  6 
March  1 


1906. 
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+ 
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In  June,  1904,  foui  Usoga  prisoners  were  selected  on  account 
of  typical  gland-enlargement.  Trypanosomes  having  been  found 
m  the  glands  of  all  of  them,  the  men  were  placed  in  hospital 
and  their  temperatures  were  regularly  taken.  Their  temperature 
charts  showed  irregular  outbursts  of  fever  every  three  or  four 
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weeks,  the  temperature  remaining  normal  during  the  intervening 
periods.  rrypanosomes  were  generally  to  be  found  in  their 
blood  durmg  these  outbursts  of  fever.  This  state  of  things  con- 
tmued  up  to  November,  1904.*  At  the  present  time  one  of  these 
tour  men  has  died  of  sleeping  sickness,  one  escaped  and  has  not 
been  heard  of  for  the  last  year,  while  the  two  remaining  are  still 
ahve  and  are  under  observation  in  our  hospital.  A  detailed 
report  ot  these  cases  follows  : — 


Case  310.  Mondu.  Male.   Age  25, 

District,  Usoga. 

July  8,  1904.  This  case,  selected  from  a  group  of  prisoners,  showed 
general  enlargement  of  the  lymphatic  glands,  but  no  other  signs  of  sleeping 
sickness.  The  juice  from  a  gland  in  the  right  posterior  triangle  of  the  neck 
was  examined  and  found  to  contain  many  active  trypanosomes. 

July  10.    Intramuscular  injections  of  arsenious  acid  were  commenced. 

October  10.  General  health  of  the  patient  good.  Temperature  has  every 
night  been  above  normal,  but  only  occasionally  higher  than  100°.  Patient 
has  put  on  weight  considerably. 

November  4.  Trypanosomes  cannot  be  found  in  the  cerebro-spinal  fluid. 
Temperature  remains  consistently  above  normal  at  night. 

January  20,  1905.  Arsenic  treatment  recommenced.  Patient  remains  in 
exactly  the  same  state.  There  is  no  tremor,  no  headache,  and  he  complains 
of  nothing.  The  temperature  still  keeps  consistently  above  normal  ;  on  two 
or  three  occasions  it  has  run  up  to  nearly  103°. 

April  25.  Arsenic  treatment  stopped.  Temperature  has  not  been  in- 
fluenced by  the  arsenic  treatment  ;  it  is  still  consistently  above  normal. 
Trypanosomes  have  not  been  found  in  the  blood  or  glands  for  four  months. 
Patient  is,  however,  so  fat  that  it  is  impossible  to  puncture  the  glands  with 
certainty. 

May  11.  Trypanosomes  found  in  the  cerebro-spinal  fluid  to-day  for  the 
first  time.  No  parasites  to  be  found  in  a  blood-film.  Patient  complains  of 
headache,  remains  exceedingly  fat,  has  a  good  appetite  and  sleeps  and  walks 
normally.  He  works  every  day  at  clearing  the  grounds  with  the  other 
prisoners. 

August  17.  Patient  seems  to  be  getting  lethargic  ;  he  sits  and  lies  about 
most  of  the  day.  There  is  slight  tremor  of  the  tongue  and  lips.  He  has  not 
lost  flesh,  but  remains  exceedingly  fat.  Trypanosomes  have  been  found  in 
the  cerebro-spinal  fluid  at  every  examination  since  May,  but  they  have  not 
been  found  in  the  blood  since  January.  It  is  impossible  to  examine  the 
glands.  Temperature  remains  above  normal  as  before,  and  there  have  been 
several  sharp  rises. 

October  28.  Patient  is  very  distinctly  more  dull  and  lethargic.  He  can 
still  walk  but  only  in  an  uncertain  manner.  He  does  no  work.  He  remains 
just  as  fat  as  formerly.  He  still  eats  well,  but  sleeps  a  great  deal.  Trypano- 
somes are  regularly  present  in  his  cerebro-spinal  fluid,  and  in  increasing 
numbers. 

November  23.  Patient  has  become  rather  suddenly  much  worse.  He  is 
semi-conscious.  His  temperature  has  become  sub-normal.  He  only  eats  and 
drinks  when  food  is  forced  upon  him.    He  is  covered  all  over  with  itch. 

December  6.  State  of  coma  is  slowly  deepening.  There  is  no  rigidity  or 
paralysis  or  optic  deviation.    Pupils  are  equal.    Cerebro-spinal  fluid  contains 


**  For  detailed  description  of  cases  see  Sleeping  Sickness  Report,  No.  VI., 
pages  50-64. 
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trypanosomes  in  large  numbers.  There  is  a  great  increase  in  the  amount  of 
cellular  deposit  on  centrifuging  the  cerebro-spinal  fluid.  Trypanosomes  arc 
also  very  numerous  in  a  blood-film  (since  January,  1905,  parasites  had  not 
been  found  in  this  patient's  blood). 

December  22.    Patient  died  at  5  p.m.  this  afternoon. 

The  following  table  shows  the  results  of  the  examinations  for  parasites  in 
the  blood,  glands,  and  cerebro-spinal  fluid  of  this  case  from  December  1, 
1904  :— 
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From  November,  1904,  to  the  end  of  November,  1905,  patient's  tempera- 
ture has  been  constantly  about  one-and-a-half  or  two  degi'ees  above  normal. 
On  thi'ee  or  four  occasions  bursts  o£  fever  lasting  about  forty-eight  hours 
have  occurred.  On  November  24,  1905,  his  temperature  became  sub-normal 
and  remained  so  until  death. 

December  22.    Post-mortem  examination,  half  an  hour  after  death. 

The  body  is  exceedingly  fat.  The  superficial  glands  are  impalpable,  but 
on  cutting  down  are  found  to  be  enlarged.  The  skin  is  dry  and  shows 
many  scratch  marks.  The  pupils  are  equal.  The  brain  is  congested  and  has 
the  typical  appearance  of  sleeping  sickness.  Trypanosomes  can  be  found  in 
the  cerebro-spinal  fluid  in  scanty  numbers.  Stained  films  of  the  various  parts  of 
the  brain  show  that  trypanosomes  are  present  in  the  brain-nuclei,  but  cannot 


be  found  in  other  parts  Sections  of  the  brain  cortex  and  nuclei  both  show 
well  marked  small-celled  infiltration  around  the  cerebral  blood  vessels.  The 
other  organs  showed  nothing  worthy  of  note. 

When  first  seen  this  man  appeared  to  be  in  perfect  health.  As  his  cervical 
glands  were  larger  than  normal,  these  were  examined  with  the  result  that 
trypauosomes  were  found  in  the  gland-juice.  When  his  temperature  was 
taken  twice  a  day,  it  was  found  that  his  evening  temperature  was  nearly 
always  about  100°.  Trypanosomes  were  found  in  his  blood  on  four 
occasions  when  he  first  came  under  observation.  Afterwards,  trypanosomes 
were  not  found  in  the  blood  until  a  fortnight  before  death,  when  they 
were  numerous.  Not  until  seven  months  before  death  were  trypanosomes 
found  in  his  cerebro-spinal  fluid.  When  the  parasites  had  once  been  found 
there,  they  were  always  found  on  subsequent  examinations,  and  in  increasing 
numbers,  up  to  a  fortnight  before  death.  After  death  trypanosomes  could 
be  found  in  the  brain  and  cerebro-spinal  fluid,  but  only  in  quite  scanty 
numbers. 

The  whole  course  of  the  latter  part  of  the  disease  was  quite  typical  of 
sleeping  sickness.  Sections  of  the  brain  showed  a  very  marked  infiltration  of 
small  cells  around  the  blood  vessels  in  its  substance. 

The  man  died  18  months  after  he  first  came  under  our  observation. 

For  the  first  14  months,  but  for  the  fact  of  the  constant  evening  rise 
of  temperature  and  of  occasional  sharp  short  attacks  of  fever,  the  man  was 
well.  The  treatment  with  arsenic  did  not  seem  to  influence  the  course  of  the 
disease. 


Case  302.    Tenwa.   Male.   Age  25. 


District,  Usoga. 

June  7,  1904.  Patient  was  selected  from  a  group  of  prisoners  from  Usoga, 
on  account  of  enlarged  glands  in  the  neck.  He  asserts  that  he  is  quite  well. 
Beyond  general  glandular  enlargement,  there  are  no  signs  of  sleeping 
sickness.  The  lymph  from  a  gland  in  the  left  posterior  triangle  of  the  neck 
was  examined  and  found  to  contain  many  active  trypanosomes. 

October  16.  General  condition  has  improved  considerably  since  admission. 
Slight  elevations  of  temperature  have  occurred  from  time  to  time.  At  these 
times  parasites  have  appeared  in  the  blood.    Weight  10  st.  5  lbs. 

December  9.  Evening  temperature  nearly  always  now  about  100°. 
Patient  feels  and  looks  well,  and  shows  no  symptoms  of  sleeping  sickness. 

April  15,  1905.  Temperature  shows  the  same  persistent  rise  in  the 
evening.  This  morning  the  temperature  is  101"6°,  and  trypanosomes  are 
present  in  the  blood.  General  condition  remains  unchanged.  Weight, 
10  St.  10  lbs. 

May  10.  For  the  first  time  trypanosomes  found  in  the  cerebro-spinal 
fluid,  which  is  quite  clear  and  watery  ;  there  is  only  a  very  slight  cellular 
deposit  after  centrifuging  20  cubic  centimetres.  Trypanosomes  are  not 
present  in  the  blood. 

September  23.  Patient  looks  and  feels  as  well  as  usual.  There  is  no 
tremor  and  no  loss  of  flesh  nor  symptoms  of  lethargy.  There  has  been  a 
continuous  evening  rise  of  temperature  for  a  year. 

January  11,  1906.  Patient  has  not  seemed  quite  so  well  lately.  He  is 
rather  dull  and  stupid.  His  temperature  chart  still  shows  constant  slight 
fever,  but  the  variations  are  greater  than  formerly.  There  is  no  tremor. 
To-day  his  temperature  has  run  up  to  105°  and  trypanosomes  are  numerous 
in  his  blood. 

Trypanosomes  have  been  found  in  his  cerebro-spinal  fluid  on  four 
occasions  since  May,  1905,  and  on  three  examinationa  have  proved  negative. 
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The  following  table  shows  the  presence  or  absence  of  parasites  from  his 
blood,  glands,  and  cerebro-spinal  fluid  : — 
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For  the  last  18  months  patient's  temperature  has  been  constantly  slightly 
above  normal,  varying  between  99°  and  101°.  During  this  time  there  have 
been  very  occasional  outbursts  of  high  fever,  lasting  not  more  than 
24  hours. 

Case  304.   Manawa.   Male.   Age  25. 
Distinct,  Usoga. 

June  12,  1904.  This  man  was  selected  on  account  of  enlarged  glands  in 
his  neck.  His  general  condition  was  good.  Gland-juice  examined  and  found 
to  contain  many  active  trypanosomes. 

October  16.    The  general  health  of  the  patient  was  good. 

January  1,  1905.  Evening  temperature  varies  between  99°  and  100°. 
Trypanosomes  have  not  been  found  in  the  blood  or  glands  since  September 
last.    There  are  no  symptoms  of  sleeping  sickness. 

January  24.    Intramuscular  injections  of  arsenious  acid  commenced. 
February  28.    Arsenic  treatment  stopped. 

May  10.    Cerebro-spinal  fluid  examined  but  trypanosomes  not  present. 

June  16.  Trypanosomes  found  in  the  cerebro-spinal  fluid  to  day  for  the 
farst  time.  Temperature  chart  has  shown  a  slight  continual  evening  rise  of 
temperature  for  the  last  eight  months.  Patient's  general  state  remains  as 
usual,    ihere  are  no  symptoms  of  sleeping  sickness. 

September  23.  Condition  good  ;  no  symptoms  "of  the  disease.  Trypano- 
somes cannot  be  found  m  either  the  cervical  or  axillary  gland-juice.  Glands 
are  certainly  not  so  much  enlarged  as  they  originally  wore. 

January  10,  1906.  Patient's  condition  remains  unchanged ;  his  temperature 
chart  presents  the  same  characteristics  as  formerly.  There  are  no  symptoms 
ot  sleeping  sickness  His  cerebro-spinal  fluid  has  been  examined  nipe  times, 
tour  times  only  with  a  positive  result,  i 
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The  following  table  shows  the  presence  or  absence  of  trypanosomes  in  his 
blood,  glands  and  cerebro-spinal  fluid  and  the  amount  of  arsenic  taken  :— 
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Patient's  temperature  has  exactly  resembled  that  of  the  previous  case 
(Tenwa),  showing  a  similar  constant  elevation  of  temperature  with  occasional 
outbursts  of  high  fever. 


V. —  On  the  Treatment  of  Tryimnosomiasis  with  Drugs  in  Men 

and  in  Animals. 

i.  In  Men. 

(1)  Arsenic. 

We  give  a  full  account  of  a  few  early  cases  of  trypanosome 
infection  which  we  have  been  able  to  keep  more  or  less  con- 
tinually under  arsenic.  We  have  used  throughout  a  solution  of 
arsenite  of  soda  and  common  salt  of  such  a  strength  that  one 
cubic  centimetre  of  the  solution  contained  four  milligrammes  of 
arsenious  acid.  At  first  the  drug  was  given  as  an  intramuscular 
injection  into  the  buttock.  A  single  large  dose  given  in  this 
way  was  repeated,  as  a  rule,  every  48  hours.  As  we  foimd  it 
very  difficult  to  get  natives  to  submit  to  these  repeated  injections, 
we  have  lately  tried  giving  this  same  solution  by  the  mouth  in 
smaller  but  more  frequent  doses. 

The  following  table  shows  that  the  trypanosomes  generally 
disappear  from  the  blood  and  glands  when  this  arsenic  treatment 
is  first  started,  but  that  in  the  majority  of  cases  the  parasites 
reappear  again.  In  two  cases  (No.  6  and  7)  the  parasites  have 
not  reappeared  in  the  blood  or  glands  up  to  the  present,  and  the 
patients  continue  in  good  health.  Case  9  is  disappointing, 
trypanosomes  are  constantly  to  be  found  in  the  glands  in  spite  of 
the  increasingly  large  doses  of  arsenic  which  are  given, 
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Table  VI. 

Table  showing  the  effects  of  arsenic  on  Trypanosoma  gambiense. 


Name  of  Case. 

Month  in 
which  ob- 
servations 
were  made. 

Trypanosomes  in 
the  lymph  glands. 

Trypanosomes  in 
blood. 

Amount 
of 

arsenic  as 

No.  of 
observa- 
tions. 

Results. 

No.  of 
observa- 
tions. 

Results. 

arsenious 

acid 
in  miUi- 
grammes. 

Mondu,  1 


Marco,  2 


Zigudegen- 

eamba,  3 


Gabouleri,  4  ... 


1904. 

Jan. 

2 

Feb. 

2 

March 

4 

XT 

Nov. 

3 

Dec. 

4 

Jan. 

2 

Feb. 

2 

March 

3 

A  pril 

1 

May 

4 

June 

3 

July 

•I 

Aug. 

1 

Sept. 

2 

Oct. 

1 

Nov. 

1 

Dec. 

1 

Jan. 

1 

J?eb. 

2 

March 

4 

April 

2 

May 

5 

April 

2 

May 

1 

June 

4 

July 

4 

Aug. 

2 

Sept. 

2 

Oct. 

2 

Nov. 

1 

Dec.  1 

2 

2— 

2— 
4— 

3  + 
2+ 
2— 


2+ 

2+ 

2+ 
1— 
1  + 
4+ 
3+ 
2+ 
1  + 
1  + 
1— 

1  + 
1  + 
1  + 

1  + 

2— 

3-h 
1— 
2+ 
3  + 
2— 

2+ 

1— 
2+ 
2— 
2+ 
2— 
2— 
2— 
2+ 

1  + 

2  + 


'  { 

1-h 

1— 

l  100 

2 
4 

2— 
4— 

215 
205 

3 

3— 

90 

4 

4— 

101 

1 

1 — 
1-}- 
1— 

38 

>•  85 

9 

o — 

1  An 

1 
3 

1— 

3— 

20 
101 
133 

65 

2 

2— 

78 

25 
50 
10 

1 
2 

1-1- 
2— 

75 
110 

2 

2— 

140 

2 

2— 

46 

1 

1— 

126 

M 

1 

1— 

1  + 
1— 

1  122 
186 

4 

4— 

216 

3 

3— 

220 

2 
2 
2 
] 
1 

2— 
2— 
■2— 
1  — 
1  + 

210 
120 

86 
none 

80 
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Name  of  Case. 

Month  in 
which  ob- 

Rflrvn  t.inn  a 

were  made. 

Trypanosomes  in 
the  lymph  glands. 

Trypanosomes  in 
blood. 

Amount 
of 

arsenic  as 
arsenious 

acid 
in  milli- 
grammes. 

No.  of 
observa- 
tions. 

Results. 

No.  of 
observa- 
tions. 

Results. 

1  Qni 

XvU-i, 

Francisco,  5 

«T  line 

2 

2  + 

O/f 

J  uly 

1 

X 

1  1 
i  + 

1 

i — 

loU 

A  n  rr 

2 

2+ 

2 

2— 

Kept. 

1 

1  + 

160 

Oct. 

1 

1  + 

224 

Martini,  6 

June 

2 

94- 

July 

1 

14- 

220 

Aug. 

1 

1— 

1 

230 

Sept. 

2 

2 — 

Oct. 

1 

X 

1  

1 

Jakoasi,  7 

Feb. 

2 

2+ 

2 

2— 

80 

March 

4 

4— 

4 

4— 

April 

6  j 

3  

,3-1- 

4— 

348 

May  ■ 

June 

July 

Aug. 
Sept. 

14 

14— 

14 

14— 

none 

Oct. 

Nov. 

■ 

Dec. 

Narain  Singh,  8 

June 

,  

34 

July 

•I 

14. 

2  

210 

Aug. 

1  

1  

Sept. 

1 

,  

Oct. 

Nov. 

1  + 

80 

Lad  ha  Singh,  9 

April 

1  + 

2— 

2— 

126 

May 

3 

3+ 

3 

3— 

186 

June 

1 

1  + 

1 

1— 

240 

July 

2 

2-t- 

2 

2-H 

280 

Aug. 

1  + 

1  + 

310 

Sept. 

1  + 

360 

Oct. 

1  + 

372 

Nov. 

1  + 

420 

Dec. 

1  + 

496 

Cases  6,  7,  8,  and  9  are  now  given  in  detail. 

Cases  6  and  7  are  interesting  because  arsenic  seems  to  have 
had  some  considerable  effect  on  their  trypanosomes.  Trypano- 
somes have  not  been  found  in  case  No,  7  for  as  long  as  ten 
paooths. 
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Cases  8  and  9  are  of  interest  from  the  fact  that  the  patients 
are  both  sepoys  of  the  Indian  contingent,  and  have  only  been  in 
Uganda  two  years. 

Martini.    (No.  6.)   Muganda  Boy.    14  Years, 

June  16,  1905.  Lives  in  Entebbe,  in  shamba  close  to  the  lake-shore,  near 
the  Catholic  mission.  Sent  up  by  the  French  fathers  as  a  suspected  case  of 
sleeping  sickness.  Says  that  he  sometimes  has  headache,  but  feels  quite 
well  now.  Does  not  look  ill.  Says  that  he  sleeps  and  eats  well.  There  is 
no  tremor.  Patient  does  not  seem  dull  or  listless.  There  is  marked  enlarge- 
ment of  the  cervical  and  axillary  glands.  Puncture  left  cervical  gland. 
Trypanosomes  are  numerous  in  the  gland- juice.    Arsenic  treatment  started. 

August  19.  General  condition  remains  good.  Trypanosomes  cannot  be 
found  in  the  glands  to-day. 

September  15.  Condition  as  before ;  trypanosomes  are  still  absent  from 
the  glands. 

November  12.  "  Patient  having  to  leave  for  Kampala,  arsenic  treatment 
stops.  His  general  condition  good.  Trypanosomes  still  absent  from  the 
glands.  Pulse  has  always  been  about  normal.  No  signs  of  sleeping 
sickness. 


The  following  table  shows  the  results  of  the  blood  and  gland  examinations, 
and  also  the  amount  of  arsenic  taken  every  month  : — 


Date. 

Parasites  in 
Glands. 

Parasites 
Blood. 

in 

Parasites  in 
Cerebro-spinal 
Fluid. 

Arsenious  Acid 
in 

Strept. 

Tryp. 

Fil. 

Mai. 

Tryp. 

Strept. 

Tryp. 

Milligrammes. 

June  16 

„    21  ... 
July  19 
Aug.  18 
Sept.  4 

„  15 
Oct.  12 
Nov.  12 

+ 
+ 

During  June,  36. 

„     July,  220. 
„     Aug.,  230. 
„     Sept.,  2'40. 

+ 

„     Oct.,  232. 

Jakoasi,   Muganda  Male.   (Chief  Muqula.)    (No.  7.) 

History. — Patient  has  lived  in  Entebbe  all  his  life.  Has  been  a  porter  for 
the  last  nine  months.  Says  that  he  goes  down  to  the  lake-shore  every  day 
to  wash  his  clothes  about  2  p.m.  Complains  of  fever,  pains  in  the  back  of 
his  head,  and  pain  in  the  stomach  for  the  last  eight  days. 

February  21,  1905.  Condition. — Tongue  clean,  not  tremulous  ;  no  tremor 
of  the  lips  or  fingers.  Patient  has  a  heavy  look  about  the  eyes  ;  walks  norm- 
ally. Says  his  appetite  is  good,  that  he  has  not  vomited,  that  he  does  not 
feel  sleepy,  and  that  he  only  sleeps  at  night-time.  Gland  enlargement  is  marked 
in  the  cervical  region,  chiefly  along  posterior  border  of  the  sterno-mastoid, 
and  at  nape  of  neck,  Glands  are  also  enlarged  in  the  right  axilla,  and 
slightly  in  both  femoral  regions.  Glands  are  soft  and  movable.  Joints 
are  normal  ;  there  is  no  oedema  of  hands,  feet,  &c.  Skin  is  normal,  it  does 
not  Itch.  Pulse  88.  Temperature  99-2°.  Respiration  normal.  Gland- 
juice  shows  many  actively  motile  trypanosomes.  Blood-film  is  negative. 
Patient  was  started  on  injections  of  arsenic,  which  were  given  intramus- 
cularly about  every  third  day. 
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March  6  Trypanosomes  cannot  be  found  in  the  glands  to-day.  Patient's 
general  condition  remains  unchanged. 

April  6.  Trypanosomes,  which  up  to  to-day  could  not  be  found  in  the 
glands  have  now  reappeared.  General  condition  remains  satisfactory. 
Patient  says  that  he  feels  better,  and  has  no  pain  anywhere. 

April  18.  Trypanosomes  have  disappeared  again  from  the  glands.  Patient 
complains  of  nothing  ;  says  that  he  can  do  his  work  as  well  as  ever. 

June  22.  Patient  well.    Trypanosomes  absent  from  glands. 

August  8.  Patient  returned  from  Kampala,  where  he  has  been  since  the 
middle  ot  June.  He  is  not  taking  any  arsenious  acid  now.  Trypanosomes 
cannot  be  found  in  his  glands  or  blood.  Patient  is  in  good  health. 
-Lymphatic  glands  of  the  neck  do  not  seen  as  large  as  formerly. 

October  27.  Appears  in  good  health.  Temperature  98-4°.  Pulse  80 
Irypanosomes  not  found  in  gland -juice  or  in  blood. 

December  5.  Patient  continues  in  the  same  satisfactory  state,  and  says 
that  he  feels  well.    Trypanosomes  still  absent  from  the  glands  and  blood. 

The  following  table  shows  the  presence  or  absence  of  trypanosomes  in  the 
blood  and  glands,  and  also  the  amount  of  arsenious  acid  taken  per  month  :— 


Date. 


Parasites  in 
Glands. 


Strept. 


Tryp. 


Parasites  in  Blood. 


Fil. 


Mai. 


Feb.    21  ... 

„       23  ... 
March    6  ... 
„     11  ... 
„     16  ... 
29  ... 
6  ... 
8  ... 

10  ... 

18  ... 

21  ... 
29  ... 

4  ... 

11  ... 
27  ... 

2  ... 
10  ... 

22  ... 
8  ... 

19  ... 
1  ... 

12  ... 
4  ... 

27  ... 
15  ... 
6  ... 


April 


May 


June 


Aug. 

Sept. 

Oct. 

Nov. 
Dec. 


+ 
+ 


+ 
+ 
+ 


+ 
+ 
+ 


+ 


+ 


+ 


+ 
+ 


Tryp. 


Arsenious  acid  in 
milligrammes. 


During  Feb.,  80. 


During  March,  416. 


During  April,  348. 
None. 


Narain  Singh.   Sepoy  Indian  contingent,  4th  K.A.R.  (No.  8). 

History. — Is  a  sepoy  of  seven  years  service.  Comes  from  Sialkot  in  the 
Punjab.  Always  had  good  health  while  in  India.  Arrived  at  Mombasa  in 
good  health  in  March,  1904.  On  arrival  in  Uganda,  was  10  days  at  Mununyo 
on  baggage  guard,  living  in  a  large  grass  hut  on  the  lake-shore  in  company 
with  20  other  sepoys.    (Mununyo,  the  port  of  Kampala,  is  infested  with 
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Glossina  paljoaUs.)  He  thon  came  to  Entebbe,  where  he  lived  in  the  Indian 
lines  till  January,  1905.  While  in  Entebbe  he  was  admitted  to  hospital  as 
follows  : — 

April  13-16,  1904.    Fever  ;  cause  not  diagnosed. 

May  6-8,  1904.    Fever  (Malaria?)  ;  blood  not  examined. 

December  30-31,  1904.  Abscess. 

January  19-21,  1905.    Fever  ;  cause  not  known. 

January  26-28,  1905.    Fever  ;  cause  not  known. 

In  February,  1905,  he  went  to  Kampala,  where  he  again  had  fever. 

June  22,  1905.  Sent  to  us  at  Entebbe  for  examination  with  six  other 
sepoys.  Patient  is  thin,  says  that  he  is  now  quite  well,  but  that  he  has  had 
fever  several  times  during  the  last  four  months.  Is  now  doing  ordinary 
duty,  which  he  says  that  he  can  do  easily.  He  has  no  pain  ;  eats  and  sleeps 
normally.    Temperature  99°.    Pulse  100.    Respiration  normal. 

Tongue  clean  ;  no  tremor  ;  skin  normal.  Marked  gland-enlargement  on 
both  sides  of  the  neok  and  in  both  axillae.  Glands  also  enlarged  in  both 
groins,  but  only  slightly.  The  glands  are  quite  movable,  soft  and  painless. 
There  are  no  sores  or  scratches  about  the  head  or  arms,  and  no  oedema  about 
the  eyes  or  limbs.  Blood  examined  with  a  negative  result.  Gland  on  right 
side  of  neck  punctured  ;  trypanosomes  found  to  be  numerous  in  the  gland- 
juice. 

June  22.  Patient  put  on  injections  of  arsenious  acid,  given  every  other 
day,  starting  with  8  milligrammes,  this  dose  being  gradually  increased. 

July  3.  Patient  seems  perfectly  well.  Complains  of  nothing.  Tempera- 
ture remains  normal.    Trypanosomes  present  m  the  glands. 

August  8.  Patient  is  now  taking  20  milligrammes  of  arsenious  acid  every 
other  day. 

October  18.  Temperature  has  been  taken  every  four  hours  for  the  last 
fortnight.  It  is  now  seen  to  be  not  quite  consistently  normal,  but  shows  a 
rise  towards  the  middle  of  the  day  to  about  99'4°  or  99'8°.  Patient  remains 
in  exactly  the  same  state,  insists  that  he  is  perfectly  well.  Trypanosomes 
are  still  present  in  his  cervical  glands. 

November  13.  Trypanosomes  are  still  present  in  patient's  glands  ;  a  rat 
inoculated  from  patient's  gland- juice,  shows  trypanosomes  in  its  blood  nine 
days  later. 

January  6,  1906.  Patient's  temperature  has  suddenly  run  up  to  103"6°. 
His  blood  full  of  malaria  (malignant  tertian).  Is  given  10  grains  quinine 
hypodermically.    Trypanosomes  not  present  in  the  blood. 


The  following  table  shows  the  result  of  the  blood  and  gland  examinations 
and  also  the  amount  of  arsenious  acid  taken  by  the  patient  : — 


Date. 

Parasites  in 
Glands, 

Parasites  in  Blood. 

Parasites  in 
Cerebro-spinal 
Fluid. 

Arsenic  in 
Milligrammes. 

Strept. 

Tryp. 

PU. 

Mai. 

Tiyp. 

Strept. 

Tryp. 

June  22 
July  24 
Aug.  25 
Sept  22 
Oct.  18 
Nov.  1.3 
Dec.  20 

+ 
+ 

+ 
+ 
+ 
+ 

During  June,  34. 

„      July,  210. 

„      Aug.  300. 

„      Sept.  200. 

„      Oct.  320. 

„  Nov.  80. 
None. 
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Ladha  Singh.   Sepoy  op  the  Indian  Contingent. 

4th  K.  A.  R.    (No.  9.) 

History. — General  health  in  India  good.  Arrived  at  Mombasa  in  good 
health  in  March,  1904.  Went  straight  to  Kampala  on  arriving  in  Uganda. 
"Was  not  on  baggage  guard  at  Mununyo  with  Narain  Singh.  From  April, 
1904,  to  January,  1905,  lived  in  the  Indian  lines  at  Entebbe.  While  in 
Entebbe,  was  admitted  to  military  hospital  as  follows  : — 

December  15-21,  1904.    Fever  ;  cause  not  known 

January  18-22,  1905.  Fever  ;  cause  not  known.  Says  that  he  slept  in  the 
next  bed  to  Narain  Singh  on  this  occasion. 

January  28-31,  1905.    Fever  and  headache  ;  cause  not  known. 

February,  1905.    Sent  to  Kampala. 

February  19.  Came  under  the  care  of  Capt.  R.  H.  Price,  I.M.S.,  with 
fever,  headache  and  vomiting. 

February  28.  A  slide  of  patient's  blood,  sent  in  to  us,  was  found  to  contain 
numerous  trypanosomes. 

March  3.  Patient  transferred  to  the  military  hospital,  Entebbe,  and  put 
under  our  care. 

March  4.  Patient  is  a  tall,  thin,  well  made  man.  To-day  he  says 
that  he  feels  well.  Pulse,  86  ;  Temperature,  98°-4  ;  Respiration,  normal. 
Says  that  his  appetite  is  bad  and  that  he  has  lost  weight  considerably. 
Suffers  much  from  headache.  Tongue  rather  furred,  no  tremor.  No  tremor 
of  fingers.  Knee  jerks  normal.  Pupils  normal.  Edge  of  spleen  can  be  felt 
just  below  costal  margin.  Liver  impalpable.  Pulse  regular.  Heart-sounds 
normal.  Superficial  glands  on  both  sides  of  the  neck  and  in  both  axillae  very 
considerably  enlarged,  soft,  separate  and  movable.  Gland  on  left  side  of 
neck  was  punctured,  and  trypanosomes  were  found  to  be  numerous  in  the 
gland- juice.    Blood-film  shows  trypanosomes  in  scanty  numbers. 

March  29.  Temperature  has  run  up  again  to  102°,  having  been  about 
normal  for  the  last  ten  days.    Trypanosomes  numerous  in  patient's  blood. 

April  18.  Temperature  up  again  to  102°-4.  Trypanosomes  numerous  in 
blood  and  in  glands.  In  spite  of  the  temperature  patient  says  that  he  does 
not  feel  at  all  ill.  An  injection  of  eight  milligrammes  of  arsenious  acid 
was  given  at  11.15,  and  at  12.15  trypanosomes  could  not  be  found  in  a 
blood-film. 

May  10.  Patient's  temperature  has  been  quite  normal  for  a  month.  He 
is  taking  arsenious  acid  regularly. 

July  20.  An  acute  iritis  of  the  left  eye  has  developed  to-day.  Given 
atropine.    Pupil  dilates  to  an  oval  shape.    Arsenic  omitted  for  a  time. 

July  28.    Eye  seems  well  again. 

September  8.  An  acute  iritis  of  the  right  eye  has  developed  to-day. 
Dr.  Moffat  saw  patient  to-day  and  considered  that  the  iritis  was  due  to 
spirillum  fever,  probably  contracted  at  the  beginning  of  the  year.  Trypa- 
nosomes numerous  in  the  glands. 

September  23.  Patient  complains  of  pain  in  the  right  foot.  Dorsum  of 
foot  is  swollen  ;  there  is  a  red  blush  on  the  skin  which  disappears  on  pressure  ; 
distinct  oedema  over  the  painful  area.  Left  foot  quite  normal.  No  other 
similar  places  on  his  body. 

September  27.  Patient  has  been  kept  lying  down  for  the  last  four  days 
and  his  foot  has  been  treated  with  lead  and  spirit  lotion.  The  foot  is  now 
apparently  well  again.  Ever  since  the  latter  part  of  May,  temperature  has 
been  slightly  above  the  normal  in  the  evening,  generally  bemg  about 
99-4-100" 
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October  17.  Patieat  says  he  feels  very  well.  Has  no  headache.  Eats 
and  sleeps  well.  Is  taking  12  milligrammes  of  arsenious  acid  a  day.  His 
evening  temperature  has  not  been  above  99°  for  a  month. 

December  3.  Herpes  zona  present,  starting  at  the  base  of  the  coccyx  and 
spreading  over  right  buttock  and  in  right  groin.  Patient  says  he  feels  quite 
well  otherwise.  His  evening  temperature  has  been  twice  over  100°  during 
the  last  six  weeks.  He  is  now  taking  16  milligrammes  of  arsenious  acid  a 
day.    Trypanosomas  still  present  in  the  glands. 

January  1,  1906.  Arsenious  acid  increased  to  24  milligrammes  a  day. 
Patient  is  in  good  health,  complains  of  nothing. 


The  following  table  shows  the  results  of  the  blood  examinations  and  also 
the  amount  of  arsenious  acid  taken  every  month  : — 


Date. 

Parasites  in 
Glands. 

Parasites  in  Blood. 

Parasites  in 
Cerebro-spinal 
Fluid. 

Arsenious  acid  in 
milligrammes. 

Strept. 

Tryp. 

Fil. 

Mai. 

Tryp. 

Strept. 

Tryp. 

1905. 
Feb.    28  ... 
March    4  ... 

+ 

+ 
+ 

„       a  ... 

„      13  ... 

„       19  ... 
April     7  ... 

„      18  ... 

„      25  ... 

„      28  ... 
May      6  ... 

„      10  ... 

„      31  ... 
June    16  ... 
July      7  ... 

„       17  ... 
Aug.      9  ... 
Sept.     3  ... 
Oct.     17  ... 
Nov.     6  ... 
Dec.      3  ... 

+ 

+ 

+ 
+ 

During  April,  126. 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 

„     May,  186. 

„     June,  240. 
„      July,  280. 

„      Aug.,  310. 
„      Sept.,  360. 
„      Oct.,  372. 
„     Nov.,  420. 
„      Dec,  496. 

1906. 
Jan.      3  ... 
„      19  ... 

+ 
+ 

This  man's  temperature  chart  showed  irregular  sudden  outbursts  of  fever 
during  February  and  March,  1905,  when  he  first  came  under  our  notice.  All 
April,  May,  and  June,  his  temperature  was  practically  normal.  Since  June, 
1905,  his  temperature  has  never  been  above  100-5°,  but  very  constantly 
shows  a  slight  evening  rise  above  the  normal. 


(2)  Tragaroth.  (Ehrlicli.) 

In  January,  1905,  a  supply  of  Tragaroth  reached  us,  kindly 
sent  by  Professor  Dr.  P.  Ehrlich.  So  far  we  have  only  had  an 
opportunity  of  using  this  drug  on  cases  in  which  marked 
symptoms  of  sleeping  sickness  tave  appeared.  We  give  the 
notes  of  a  few  of  the  cases  in  which  the  drug  has  been 
administered.  In  one  case  the  drug  was  given  as  a  sub- 
cutaneous injectijon.    An  objection  to  this  treatment  is  that  the 
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drug  is  only  soluble  in  water  to  the  extent  of  1  per  cent.,  and 
that  the  injection  is  therefore  very  bulky.  In  other  cases  the  drug 
has  been  given  by  the  mouth.  We  have  never  known  Tragaroth 
to  cause  any  ill  effect  even  when  taken  in  very  large  doses.  We 
cannot  say  that  the  course  of  the  disease  has  been  influenced 
in  any  way  in  sleeping  sickness  patients  who  have  taken  this 
drug. 

A  native  patient  in  an  early  stage  of  trypanosome  infection, 
when  possibly  energetic  treatment  with  drugs  Mould  be  of  some 
use,  does  not  consider  himself  in  any  way  ill  and  is  very  averse 
to  a  remedy  of  any  description.  If  this  remedy  takes  the  form 
of  painful  injections  often  repeated,  imless  the  patient  really 
considers  himself  to  be  suffering  from  sleeping  sickness,  he  will 
not  submit  to  it.  Up  to  the  present  time  we  have  only  been 
able  to  secure  a  very  few  prisoners  in  an  early  stage  of  trypano- 
some infection.  These  men  are  having  their  cerebro-spinal  fluid 
examined  regularly  for  the  presence  or  absence  of  trypanosomes, 
and  are  not  being  treated  with  drugs. 

Badingo,  Kavirondo.   Male.   38  Years. 

Admitted  Octoier  3,  1904. 

Has  lived  in  Entebbe  for  the  last  five  years,  works  close  to  the  lake-shore. 
Has  been  ill  for  the  last  two  months,  and  now  complains  of  inability  to  do 
his  work  and  of  pains  all  over  his  body. 

Facial  expression  dull  ;  gait  uncertain ;  skin  very  dry,  but  does  not 
irritate.  There  is  no  oedema.  Tongue  clean,  but  very  tremulous  ;  there  is 
tremor  of  the  fingers  and  the  knee  jerks  are  brisk.  No  ankle  clonus. 
Appetite  good.  Abdomen  normal.  Spleen  cannot  be  felt.  Heart  and 
lungs  appear  normal.  Superficial  lymphatic  glands  generally  enlarged  and 
present  the  usual  characters.    Patient  is  thin,  but  not  emaciated. 

October  3,  1904.  Cerebro-spinal  fluid  shows  trypanosomes  in  moderate 
numbers.  Trypanosomes  are  present  in  the  gland-juice,  but  not  in  a 
blood  film. 

October  27.  Two  grammes  of  Trypanroth  (Bhrlich)  are  injected  under 
the  skin  into  both  axillee  in  the  form  of  a  1  per  cent,  solution  in  water. 
General  condition  as  before.    Patient  shows  only  a  very  faint  pink  colour. 

October  29.  Pink  colour  much  more  marked.  Trypanosomes  cannot  be 
found  in  the  gland-juice. 

November  25.  Patient  now  much  worse  and  cannot  stand  without 
support.  The  pink  colouration  from  the  Trypanroth  has  not  yet  dis- 
appeared. Cerebro-spinal  fluid  shows  trypanosomes  in  about  the  same 
numbers  as  before.    Fluid  is  more  cellular  than  normal. 

December  28.  Patient  has  not  got  much  worse  during  the  last  month. 
His  temperature  rose  from  sub-normal  to  100"2°.  Trypanosomes  present  in  a 
blood-film,  and  in  the  cerebro-spinal  fluid. 

January  21,  1905.  Patient  lies  in  a  stupor,  cannot  speak,  can  only  just 
swallow.  Cerebro-spinal  fluid  sterile,  and  contains  trypanosomes  in  scanty 
numbers. 

January  29.    Patient  died  at  2  p.m. 
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The  following  table  shows  the  presence  or  absence  of  trypanosomes  in  the 
blood,  glands,  or  cerebro- spinal  fluid  : — 


Date. 


Parasites  in  Blood. 


FU. 


Mai. 


Tryp. 


Parasites  in 
Glands. 


Strept. 


Tryp. 


Parasites  in 
Cerebro-spinal 
Fluid. 


Strept, 


Tryp. 


Trypanroth 
in 

Grammes. 


1904. 


Oct. 

3 

27 

» 

28 

29 

6 

)> 

18 

25 

Dec. 

14 

28 

+ 
+ 


+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 


+ 


+ 
+ 


A  post-mortem  examination  showed  the  brain  to  be  very  firm  and  fresh- 
looking  ;  the  gi-ound-glass  appearance  of  cortex  well  marked  and  chiefly 
vertical  in  its  distribution.  Cerebro-spinal  fluid  is  increased  in  amount,  and 
there  is  slight  flattening  of  the  convolutions.  Active  trypanosomes  are 
present  in  the  cerebro-spinal  fluid.  Heart,  normal  ;  lungs,  no  pleurisy, 
three  triangular-shaped  haemorrhages  (infarcts  ?)  at  apex  of  right  lung ; 
stomach,  two  well-marked  patches  of  superficial  ulceration  on  lesser  curva- 
ture, ulcers  small  and  lie  on  the  folds  of  the  stomach  ;  kidneys,  liver,  and 
spleen  are  all  normal.  Superficial  glands  are  markedly  enlarged  in  every 
region  ;  glands  are  not  suppurating  ;  mesenteric  glands  appear  normal. 

The  injection  of  the  Trypanroth  had  only  a  slight  temporary  effect  on  the 
parasites  in  the  peripheral  circulation. 


TuMBo.   Male.   Age  12, 

District,    Entebbe,  Uganda. 

February  27,  1905.  Admitted  to  hospital.  Patient  says  that  for  the  last 
year  he  has  been  in  the  service  of  a  resident  at  Entebbe.  One  of  the  other 
servants  says  that  patient  has  been  drowsy  and  stupid  for  the  last  two 
months.  Patient  is  a  short  fat  boy  with  a  heavy  dull  look  about  the  eyes. 
His  speech  is  slow  but  distinct.  He  can  walk  normally.  He  complains  of 
headache  and  of  occasional  pain  in  his  stomach.  There  is  slight  tremor  of 
the  tongue  and  fingers.  There  is  well  marked  gland  enlargement  in  the 
cervical  and  axillary  regions.  Trypanosomes  are  present  in  the  blood  and 
gland-juice.  Pulse,  80  ;  temperature,  99-4°.  Treatment  with  Tragaroth 
commenced  ;  drug  given  by  the  mouth  in  water. 

March  6.  Patient  seems  more  drowsy  than  on  admission.  Trypanosomes 
are  present  in  the  cerebro-spinal  fluid.  There  is  a  very  marked  increase  of 
white  cells  in  this  fluid  which  are  nearly  all  mono-nuclear. 

March  16.  Patient  has  now  taken  60  grammes  of  Tragaroth  by  the  mouth. 
His  sclerotics  are  distinctly  pink. 

March  26.  Patient  has  now  taken  more  than  80  grammes  of  Tragaroth  • 
trypanosomes  are  still  present  in  the  gland-juice.  ' 

March  30.   Patient  is  much  worse.    He  is  very  tremulous  and  can  hardly 

April  10.  Complains  of  pain  in  the  right  hip,  right  knee  and  wrist. 
Purulent  conjunctivitis  of  both  eyes. 

April  19.  Trypanosomes  are  present  in  the  cerebro-spinal  fluid  in  increased 
numbers.    Patient  is  moribund. 
April  23.    Died  at  9  a.m. 
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The  following  table  shows  the  presence  of  trypanosoraes  in  the  blood 
glands  and  cerebro-spinal  fluid,  and  also  the  amount  of  tragaroth  given  :— 


Date. 


1905. 
Feb.  27 
March  2 
6 


April 


7  ... 

9  ... 

10  ... 

11  ... 

12  ... 

13  .. 

14  ... 

15  ... 

16  ... 

17  ... 

18  ... 

20  ... 

21  ... 

22  ... 
24  .. 
26  ... 
28  ... 

1  ... 

3  ... 

6  .. 
10  ... 
12  ... 
15  ... 

19  ... 


Parasites  in  Blood. 


Fil. 


Mai. 


Tryp. 


+ 
+ 

+ 


+ 
+ 


Parasites  in 
Glands. 


Strept. 


Tryp. 


+ 
+ 


+ 


+ 

+ 

+ 
+ 


+ 

+ 
+ 

+ 
+ 


Parasites  in 
Cerebro-spinal 
Fluid. 


Strept. 


Tryp. 


+ 


+ 


Tragaroth 
in 

Grammes. 


3 
6 

g 

6 
6 
6 
5 
5 
5 
6 
5 
2 
2 
3 
3 
8 
3 
3 
3 
3 
3 
3 


91  grms. 


A  post-mortem  examination  made  half -an-hour  after  death.  The  body  is 
still  fat  ;  there  is  much  muco- purulent  conjunctivitis  ;  the  red  colouration 
caused  by  the  Tragaroth  has  disappeared.  Lungs,  normal  ;  heart,  normal ; 
pericardium  contains  a  little  blood-stained  fluid.  Trypanosomes  are  not 
present  in  this  fluid.  Spleen  weighs  9  ounces  ;  some  increase  of  fibrous 
tissue  in  its  substance.  Surface  of  the  brain  is  quite  typicsl  of  sleeping 
sickness.  The  cerebro-spinal  fluid  contains  trypanosomes  in  considerable 
numbers.    The  surface  of  the  brain  and  the  cerebro-spinal  fluid  are  sterile. 


Hamesi.   Male.   Age  30. 

District,  Ji^ija,  Usoga. 

November  26, 1904.  Admitted  to  hospital.  Has  lived  at  Jinja  all  his  life. 
Has  been  a  prisoner  at  Entebbe  gaol  for  the  last  four  months.  Complains 
of  headache  and  pains  all  over  his  body  for  the  last  two  months.  Patient 
looks  somewhat  dull  and  apathetic,  his  eyeballs  are  puffy  and  cedematous. 
There  is  no  tremor.  Liver  and  spleen  are  not  palpable.  The  glands  on  both 
sides  of  neck  and  in  the  right  axilla  are  enlarged.  Trypanosomes  are  present 
in  the  gland-juice  in  large  numbers,  scantily  present  in  a  blood-film,  and  not 
present  in  the  cerebro-spinal  fluid. 

December  28.  Condition  unaltered.  Trypanosomes  scantily  present  in 
the  cerebro-spinal  fluid.    Patient  complains  of  nothing. 

February  24,  1905.  Trypanosomes  are  present  in  the  glands,  blood  and 
cerebro-spinal  fluid.    Treatment  with  Tragaroth  commenced. 

March  11.  Patient  has  now  had  about  50  grammes  of  Tragaroth,  by  the 
the  mouth.    Sclerotics  are  pink. 
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April  6.  Patient  has  now  had  100  grammes  of  Tragaroth  ;  the  colouration 
from  the  drug  is  quite  marked,  but  trypanosomes  are  still  present  in  his 
glands. 

April  18.    Treatment  with  arsenic  commenced. 

April  27.  He  has  had  70  milligrammes  of  arsenic  in  the  last  ten  days. 
Trypanosomes  have  disappeared  from  the  lymphatic  glands. 

May  13.  Lumbar  puncture  again  performed.  The  cerebro-spinal  fluid  is 
under  considerable  pressure.  There  is  an  increase  of  white  cells  in  the  deposit 
left  after  centrif uging  the  fluid.  Trypanosomes  are  present.  Trypanosomes 
cannot  be  fouad  in  either  the  blood  or  gland- juice.  Patient  has  been  taking 
arsenic  regularly  although  not  in  such  large  doses  as  formerly. 

May  30.  Patient  keeps  to  his  bed  much  more  than  formerly  and  is  now 
distinctly  drowsy.    Temperature  has  been  subnormal  on  several  occasions. 

June  17.  The  drowsiness  is  steadily  increasing.  There  is  only  slight 
tremor  of  the  fingers.  Trypanosomes  are  present  in  the  cerebro-spinal  fluid 
in  increased  numbers. 

July  3.  Patient  is  quite  unconscious.  Trypanosomes  are  still  present  in 
the  cerebro-spinal  fluid. 

July  5.    Patient  died  at  11  p.m. 

The  following  table  shows  the  presence  or  absence  of  trypanosomes  in  the 
blood,  glands,  or  cerebro-spinal  fluid,  also  the  amount  of  arsenic  and  Tragaroth 
administered  : — 


Date. 


Parasites  in  Blood. 


Fil. 


Mai. 


Tryp. 


Parasites  in 
Glands; 


Strept. 


Tryp. 


+ 

+ 

+ 

4- 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

Parasites  in 
Cerebro-spinal 
Fluid. 


Strept. 


Tryp. 


Tragaroth 
in 

Grammes. 


1904. 
Nov.  26 
Dec.  7 

„  28 

■  1905. 
Jan.  14 
Feb.  1 
»  24 
1,  27 
March  1 
»  3 
4 

n 

))  ' 

„  10 

„  11 
„  12 
„  13 
14 

„  16 
„  16 

„  17 
„  20 

21 
22 

" 

„  20 
28 
1 
4 
fi 

10 


April 


+ 
+ 
+ 


+ 


+ 


+ 


2-5 

4 
6 


10 

8 
5 
5 
5 
5 
6 
6 
3 
4 
4 
3 
3 
3 
3 
3 
3 
3 
3 


103-5  grtns. 
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April 

12 

18 

» 

20 

» 

25 

n 

27 

»> 

29 

May 

1 

» 

5 

)) 

7 

)i 

9 

)) 

11 

j> 

13 

1} 

15 

i> 

17 

ti 

18 

)) 

19 

)) 

24 

June 

1 

>) 

8 

)> 

16 

)> 

17 

)> 

21 

July 

3 

)) 

5 

Parasites  in  Blood. 


I'll. 


Mai. 


Tryp. 


Parasites  in 
Glands. 


Strept. 


Tryp. 


Parasites  in 
Cerebro-spinal 
Fluid. 


Strept. 


Tryp. 


Tragaroth 
in 

Grammes. 


Arsenic  in 

Milli- 

+ 

grammes. 

— 

... 

... 

... 

... 

+ 

... 

16 

z 

+ 

... 

... 

22 

+ 

32 

... 

— 

... 

16 

... 

... 

12 





16 

— 

— 

10 

• 

15 

20 

20 

+ 

+ 

+ 

12 

15 

16  "" 

16 

+ 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 

+ 

1 

236  mgrms. 

July  6.  Post-mortem  examination  made  nine-and-a-half  hours  after  death. 
Body  is  very  wasted  and  the  eyes  sunken.  There  is  no  oedema.  The  pupils 
are  equal.  There  is  general  enlargement  of  the  superficial  lymphatic  glands. 
Several  opaque  thickened  patches  are  present  on  the  pia-arachnoid,  especially 
on  the  superior  surface  of  the  brain.  Trypanosomes  can  be  seen  in  smears 
of  the  brain-substance  in  scanty  numbers.  The  stomach  shows  numerous 
small  hsemorrhages  on  its  internal  surface.  The  spleen  weighs  10  ounces. 
There  is  a  marked  increase  of  fibrous  tissue  on  section  of  this  organ.  The 
cervical  and  axillary  glands  show  general  enlargement.  Many  of  the  glands 
are  hsemorrhagic.  Trypanosomes  cannot  be  found  in  the  gland  juice.  The 
other  viscera  appear  healthy. 


Paul  Waganda.   Male.   20  Years. 

Lives  in  Kampala,  but  has  been  in  Entebbe  for  the  last  eight  months, 
where  he  lives  near  the  French  mission.  Says  that  he  has  been  ill  for  the 
last  three  weeks.    Complains  of  pain  in  the  limbs  and  back. 

February  27, 1905.  Patient  says  that  he  has  been  bitten  by  tsetse  flies  when 
he  has  gone  down  to  the  lake-shore  to  wash  his  clothes.  He  is  well-nourished 
and  looks  well.  Says  that  he  has  never  had  fever  ;  that  his  appetite  is  good  ; 
that,  except  for  the  pain,  he  feels  quite  well  ;  that  he  can  do  his  work  as 
well  as  ever,  and  that  he  only  sleeps  at  night  and  does  not  feel  drowsy 
during  the  day.  Skin  normal  ;  no  oedema.  Pupils  equal.  Knee  jerks 
normal.  There  is  no  tremor.  Gland  enlargement  well-marked  in  cervical 
region  on  both  sides,  also  in  right  axUla.  Both  epitrochlear  glands  enlarged. 
Temperature  99°.   Pulse  88.    Respiration  normal.  Gland  juice  shows  many 
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actively  motile  trypanosomes,  but  these  are  absent  from  a  blood-film. 
Patient  is  given  4  grammes  of  tragaroth,  dissolved  in  water,  and  flavoured 
with  peppermint. 

March  7.  Trypanosomes  present  in  blood  and  gland.  Colour  of  mucous 
membranes  unaltered. 

March  20.  Patient  has  had  52  grammes  of  tragaroth.  The  sclerotics  have 
now  a  distinct  red  colour.    Trypanosomes  are  present  in  the  glands, 

April  1.  Patient's  glands  are  still  full  of  trypanosomes.  He  refuses  to 
take  any  more  medicine.    Sclerotics  are  still  a  pink  colour. 

June  16.  Glands  show  numerous  trypanosomes.  Patient  is  very  dull  and 
stupid.    Tongue  is  slightly  tremulous.    He  refuses  to  come  into  hospital. 

The  following  table  shows  the  results  of  the  blood  and  gland  examinations, 
and  the  amount  of  tragaroth  taken  by  this  patient : — 


Date. 

Parasites  in  Blood. 

Parasites  in 
Glands. 

Parasites  in 
Cerebro-spinal 
Fluid. 

Tragaroth 
in 

GframmeB. 

S!  ll. 

iual. 

Tryp. 

OA.  L 

Strept. 

Tryp. 

Strept. 

Tryp. 

1906. 
Feb.    27  ... 

+ 

4-5 

March  2  ... 

4 

„      3  ... 

4 

„      4  ... 

6 

•,       0  ... 

6 

»      7 ... 

+ 

+ 

5 

„      S  .. 

5 

„  H... 

6 

„  H... 

5 

17... 

5 

„    20  ... 

+ 

6 

April    1  ... 

+ 

4 

June   16  ... 

+ 

5()-5  grms. 

it.  In  Animals. 
(1)  Arsenic, 

Experimenta  were  first  conducted  to  discover  the  minimum 
lethal  dose  of  arsenious  acid  for  the  species  of  monkey  which  we 
commonly  use  in  our  experiments.  Eight  monkeys  were  obtained 
and  weighed,  and  then  given  varying  doses  of  a  solution  of 
arsenious  acid  of  a  strength  of  two  milligrammes  of  arsenious 
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acid  to  the  cubic  centimetre.  The  drug  was  administered  by 
subcutaneous  injection.  The  following  table  gives  the  results  of 
these  experiments  : — 


Table  VII. 


No.  of 
Animal. 


Weight 

of 
Animal 

in 

kUo- 
gram 
mes. 


2-04 

1-  24 

2-  5 
1-24 
1-24 
1-23 
4-8 

3-  52 


Actual  dose  of 
Arsenious  Acid 
given. 


Ratio  of  Weight  in  grammes 
of  animal  per  milligramme  of 
Arsenious  Acid. 


Result. 


10  milligrammes 

5-5 
10 

5 

5 

5 
12 

7 


milligramme  per  200  grammes 


>) 

225 

I) 

)) 

250 

)) 

» 

250 

1) 

)) 

250 

n 

)) 

300 

)) 

)) 

400 

1) 

)) 

500 

)) 

Died. 
Died, 
Died. 

Recovered. 
Recovered. 
Recovered. 
Recovered. 
Recovered. 


From  the  above  experiments  it  was  found  that  a  dose  of 
arsenious  acid  in  the  proportion  of  one  milligramme  of  arsenious 
acid  per  250  grammes  weight  of  monkey  was  the  minimum 
lethal  dose. 

We  give  the  details  of  four  experiments  in  treating  monkeys 
already  infected  with  the  trypanosome  of  sleeping  sickness. 
Although  arsenious  acid  was  given  in  doses  which  were  often 
repeated  and  in  quantities  not  far  short  of  the  minimum  lethal 
dose,  yet  in  no  case  were  we  certainly  able  to  cure  the  monkey. 
Experiment  415  was  the  most  hopeful ;  trypanosomes  had  been 
absent  from  this  animal's  blood  for  nearly  three  months  as  the 
result  of  the  arsenic,  and  the  animal  was  in  good  health  when  we 
lost  him,  as  recorded.  Experiment  370  is  interesting  as  it  shows 
that  trypanosomes  may  return  to  the  peripheral  circulation,  after 
a  two  months'  absence,  as  a  result  of  the  treatment. 

Experiment  405.   Monkey  {Cercopithecus  sp.)   Weight  3-85  Kilos. 

May  23,  1905.  2  cubic  centimetres  of  cerebro-spinal  fluid  taken  from  a 
case  of  sleeping  sickness  are  injected  subcutaneously  into  this  monkey. 
Trypanosomes  are  not  found  in  the  blood. 

July  1.  Trypanosomes  have  appeared  in  the  blood  to-day  for  the  first 
time 

July  11.  Arsenic  treatment  commenced.  4  milligrammes  of  arsenious 
acid  are  given  equal  to  1  milligramme  per  960  grammes  monkey. 

August  15.  Animal  has  now  had  17  milligrammes  of  arsenious  acid 
during  the  last  month.  General  condition  remains  satisfactory.  Treatment 
stopped. 

September  12.    Trypanosomes  have  re-appeared  in  the  blood  to-day. 
December  10.   Animal  died  to-day. 
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Post-mortem.  Body  rather  emaciated.  All  the  viscera  appear  healthy. 
Spleen  not  enlarged.  Lymphatic  glands  normal.  Sections  of  brain  do  not 
show  any  small-celled  infiltration.  Trypanosomea  were  present  in  the  blood 
up  to  the  time  of  death  in  scanty  numbers. 

The  following  table  shows  the  presence  or  absence  of  trypanosomes  from 
the  blood  and  a'so  the  amount  of  arsenious  acid  given  : — 


Date. 


Parasites  in 
Blood. 


Mai. 


Tryp. 


Aisenious 
Acid  in 
milli  ■ 
grammes. 


Date. 


Parasites  in 
Blood. 


Mai. 


Tryp. 


1905. 
May  23 


June 


July 


Aug. 


29 
3 

10 
21 
26 
1 
7 
11 
16 
20 
25 
30 
6 


+ 
+ 
+ 

+ 
+ 

+ 


Aug.  8 
„  15 
„  24 
„  30 
Sept.  11 
„  12 
„  20 
26 
3 

„  10 
„  20 
Nov.  12 

J) 

Deo.  10 


Oct. 


+ 
+ 


+ 
+ 
+ 
+ 
+ 


Experiment  415.   Monkey  (_Cercopithecus  sp.).   "Weight  1-81  Kilos. 

May  23,  1905.  2  cubic  centimetres  of  cerebro-spinal  fluid  from  a  case 
of  sleeping  sickness  injected  subcutaneously.  Trypanosomes  absent  from 
blood. 

June  13.  Trypanosomes  have  been  constantly  present  in  the  blood  up  to 
to-day.  Arsenious  acid  now  administered  in  doses  of  4  milligrammes,  which 
equals  1  milligramme  per  450  grammes  monkey. 

July  20.  Animal  has  had  12  milligrammes  of  arsenious  acid  since  the 
treatment  was  started.    Arsenic  stopped. 

September  8.  Animal  eaten  by  a  jackal  in  the  night.  Trypanosomes  had 
not  been  found  in  the  animal's  blood  since  the  arsenic  treatment  was  started. 


The  following  table  shows  the  presence  or  absence  of  trypanosomes  from 
the  animal's  blood,  and  also  the  amount  of  arsenious  acid  given  : — 


Parasites  in 

Arsenious 

Parasites  in 

Blood. 

Blood. 

Arsenious 

Date. 

Acid  in 
milli- 

Date. 

Acid  in 
milli- 

Mai. 

Tr)p. 

grammes. 

Mai. 

Tryp. 

grammes. 

1905. 

1905. 

May  23  ... 

July  16  ... 

June  7 

+ 

"0 

)i  ••• 

"2 

„     13  ... 

+ 

"4 

25  ... 

„    14  ... 

„     30  ... 

24  ... 
July    1  ... 

Aug.   6  ... 

"4 

„     15  ... 

„     7  ... 

24  ... 

„    10  ... 

"2 

Sept.  8  ... 

46 


Experiment  370.   Monkey  (Cercopithecus  sp.). 

April  5,  1905.  A  few  drops  of  blood  from  monkey  350,  containing 
numerous  trypanosomes,  were  injected  into  this  animal. 

April  10.  Trypanosomes  have  appeared  in  the  animal's  blood  to-day  for 
the  first  time. 

May  14.  Trypanosomes  have  been  constantly  present  in  this  animal's 
blood  up  to  to-day.  Weight  of  animal  is  1-72  kilogrammes.  Injected  sub- 
cutaneously  arsenious  acid  4  milligrammes,  which  equals  1  milligramme  per 
400  grammes  monkey. 

May  15.  Monkey  seems  sick  to-day,  and  has  been  purged  freely  in  the 
night.    Trypanosomes  cannot  be  found  in  the  blood  to-day. 

July  10.  Trypanosomes  have  reappeared  in  the  animal's  blood  to-day. 
For  the  last  two  months  parasites  have  not  been  found  in  the  blood. 

August  8.  Animal  found  dead  this  morning.  At  the  autopsy  it  was 
found  that  the  animal's  rectum  had  been  perforated  by  the  constant  use  of 
the  clinical  thermometer.  There  was  much  peritonitis  present,  otherwise 
all  the  viscera  were  healthy. 

The  following  table  shows  the  presence  or  absence  of  trypanosomes  from 
the  animal's  blood,  and  also  the  amount  of  arsenious  acid  given  : — 


Parasites  in 

Arsenious 

Parasites  in 

Blojd. 

Blood. 

Arsenious 

Date. 

Acid  in 
mUli- 

Date. 

Acid  in 
mHli- 

Mai. 

Tryp. 

grammes. 

Mai. 

Tryp. 

grammes. 

1905. 

1905. 

March  13  ... 

May  31  ... 

3 

„    22  ... 

June  7  ... 

3 

April    5  ... 

„    12  ... 

„     10  ... 

+ 

„    18  ... 

„     15  ... 

+ 

„    26  ... 

„     21  ... 

+ 

„    30  ... 

„     28  ... 

+ 

July  10  ... 

+ 

May     5  ... 

+ 

„    10  ... 

"     \t  - 

+ 

"4 

„    20  ... 

„      15  ... 

„    30  ... 

»      It  - 
„      29  ... 

"3 

„      4  ... 

„      8  ... 

This  monkey  was  treated  with  frequently  repeated  large  doses  of  arsenious 
acid.  Trypanosomes  disappeared  from  the  blood  for  two  months,  but 
reappeared  again  as  soon  as  the  treatment  was  given  up  for  a  while. 


Experiment  421.   Monkey.   (Cercopithecus  sp.).   Weight  1-04  Kilos. 

May  31,  1905.  3  cubic  centimetres  of  cerebro-spinal  fluid  taken  from 
"  Wasaneri,"  a  case  of  advanced  sleeping  sickness,  were  injected  into  this 
animal  in  whose  blood  trypanosomes  were  ascertained  to  be  absent. 

Jane  13.  Trypanosomes  have  appeared  in  the  blood  to-day  for  the  first 
time. 

July  11.  Trypanosomes  have  now  been  present  in  the  animal's  blood  for 
more  than  a  month.  3  milligrammes  of  arsenious  acid  (=  1  milligramme 
per  350  grammes  monkey)  were  injected, 

July  12.    Trypanosomes  have  disappeared  from  the  blood, 
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July  25.  Monkey  has  had  7  milligrammes  of  arsenious  acid  in  14  days. 
Trypanosomas  have  remained  absent  from  the  blood. 

September  12.  Trypanosomes  have  reappeared  in  the  animal's  blood 
to-day,  having  been  absent  for  two  months. 

September  20.  Monkey  has  had  six  additional  milligrammes  of  arsenious 
acid  during  the  last  fourteen  days.  Trypanosomes  have  again  disappeared 
from  the  blood. 

November  23.  Trypanosomes  have  reappeared  to-day,  having  been  absent 
for  2^  months.    Animal  remains  in  good  health. 


The  following  table  shows  the  results  of  the  blood  examinations,  and  the 
amount  of  arsenious  acid  given  : — 


Date. 

Trypano- 
somas 
in  Blood. 

Arsenious 
Acid  in 
Milli- 

Date. 

Trjrpano- 

somes 
in  Blood. 

Arsenious 
Acid  in 
Milli- 

grammes. 

grammes. 

1905. 

1905. 

May 

31 

Sept.  12 

+ 

3 

June 

13 

+ 

„  19 

»» 

24 

+ 

^„  26 
Oct.  3 

"3 

July 

11 

+ 

.  3 

}} 

16 

„  20 

II 

20 

"2 

„  29 
Nov.  16 

)i 

25 

2 

30 

„  23 
Dec.  1 

+ 

Aug. 

6 

» 

13 

14 

II 

II 

24 
31 

„  18 

+ 

Has  arsenic  any  value  as  a  prophylactic  against  the  trypanosome 
of  sleeping  sickness  in  the  case  of  monkeys  ? 

We  give  the  details  of  some  experiments  which  were  conducted 
to  determine  whether  a  monkey  which  was  under  the  influence  of 
arsenic  could  yet  be  infected  with  the  trypanosome  of  sleeping 
sickness.  Seven  monkeys  were  used  in  these  experiments.  One 
of  them  was  kept  as  a  control,  and  was  simply  inoculated  with  a 
similar  dose  of  cerebro-spinal  fluid  as  was  given  to  the  other 
monkeys  which  were  under  the  influence  of  arsenic.  The  control 
monkey  showed  ti-ypanosomes  in  its  blood  23  days  after  inocula- 
tion. Three  of  the  other  moukeys  showed  trypanosomes  in  their 
blood  in  spite  of  the  previous  doses  of  arsenious  acid,  but  in 
these  the  appearance  of  the  trypanosomes  in  the  blood  was  much 
delayed.  Two  of  the  animals  never  showed  trypanosomes  in 
their  blood,  and  in  their  cases,  no  doubt,  the  arsenic  did  protect 
the  animals  from  infection ;  but  in  these  two  cases  very  large 
and  dangerous  doses  of  arsenious  acid  had  been  given,  and  the 
animals  were  made  seriously  ill  by  the  drug.  A  similar  dose 
given  to  the  sixth  and  last  monkey  proved  fatal.  From  these 
experiments  we  are  brought  to  the  conclusion  that  ordinary  safe 
doses  of  arsenic  given  to  monkeys  before  inoculation  with  human 
trypanosomes  have  little  or  no  power  in  protecting  the  animals 
from  subsequent  infectioo. 
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Experiment  336.   Monkey  (CercopUhecus  sp.).   Weight  1-24  kilos. 

December  3,  1904.  5  milligrammes  of  arsenious  acid  were  injected 
subcutaneously,  which  equals  1  milligramme  per  250  grammes  monkey. 

December  4.    Animal  has  had  a  good  deal  of  diarrhoea  in  the  night. 

December  6.    4  milligrammes  of  arsenious  acid  administered. 

December  19.    4  milligrammes  of  arsenious  acid  given. 

December  21.  3  cubic  centimetres  of  cerebro-spinal  fluid  were  injected 
subcutaneously  from  a  case  of  sleeping  sickness  (Abyabu),  containing 
numerous  trypanosomes. 

February  13.  Monkey  is  rather  thin  but  otherwise  healthy.  Trypano- 
somes have  not  yet  appeared  in  the  blood. 

February  21.  Trypanosomes  have  appeared  in  the  blood  to-day  for  the 
first  time  (62  days  after  inoculation). 

The  following  table  shows  the  results  of  the  blood  examinations,  and  the 
amount  of  arsenious  acid  given  : — 


Date. 

Parasites  in 
Blood. 

Parasites  in  Cerebro- 
spinal Fluid. 

Arsenious  Acid 
in  mille- 
grammes. 

Mai. 

Tryp. 

Stiept. 

Tryp. 

1904. 

Dec.  3  

„  16  

„  19   

„  21   

„  30   

1905. 

Jan.  6   

„  13  

„  24   

30   

Feb.  8  

„   13    - 

„  21   

Inoc 

ulated  witb 
+ 

I  trypanoso 

nes. 

5 
4 
4 

The  arsenic  evidently  prolonged  the  incubation  period  of  the  disease  in 
this  case. 


Experiment  347.   Monkey  (CercopUhecus  sp.).   Weight  1,920  Grammes _ 

December  12,  1904.  4  milligrammes  of  arsenious  acid,  i.e.,  1  milligramme 
per  480  grammes  monkey,  were  injected. 

December  19.  6  milligrammes  of  arsenic,  i.e.,  1  milligramme  per 
320  grammes  monkey,  were  injected.  Blood  examined ;  trypanosomes  are 
absent. 

December  21.  Injected  subcutaneously  3  cubic  centimetres  of  cerebro- 
spinal fluid  from  sleeping  sickness  case  (Abyabu),  containing  numerous 
trypanosomes. 

January  30.    Trypanosomes  appeared  in  the  blood  for  the  first  time 
to-day,  40  days  after  inoculation. 
JJarch  20.    Animal  died  to-day 


49 


The  following  table  shows  the  presence  or  absence  of  trypanosomes  in 
the  blood  : — 


Date. 

Parasites  in 
Blood. 

Parasites  in  Cerebro- 
spinal Fluid; 

A.rseniou3  A.cia 
in  mille- 
grammes. 

Mai. 

Tryp. 

Strept. 

Tryp. 

1904. 

Dec. 

12 

4 

)> 

19 

+ 

6 

>i 

21 

Inoculated  with  trypanosomes. 

... 

» 

30 

+ 

... 

1905. 

Jan. 

5 

+ 

13 

+ 

23 

+ 

30 

+ 

+ 

Feb. 

6 

+ 

+ 

)! 

8 

+ 

+ 

»■» 

)) 

13 

+ 

+ 

)) 

17 

+ 

+ 

J) 

21 

+ 

+ 

March  1 

+ 

+ 

J) 

8 

+ 

+ 

Post-mortem  examination  (eight  hours  after  death)  Animal  thin  and 
very  anaemic.  No  glandular  enlargement.  Trypanosomes  not  present  in  a 
blood-film.  All  the  organs  seem  healthy,  but  anaemic.  Spleen  somewhat 
enlarged.  Intestines  contain  a  long  tape-worm.  Brain  appears  normal. 
No  trypanosomes  in-  the  cerebro-spinal  fluid. 


Experiment  348.   Monkey  (Cercopithecus  sp.).   Weight  1,020  Grammes. 

December  19,  1904.  Injected  4  milligrammes  arsenic,  which  equals  1  milli- 
gramme per  255  grammes  monkey. 

December  21.  Animal  ill.  Extensive  purging.  Injected  3  cubic  centimetres 
cerebro-spinal  fluid  from  case  of  sleeping  sickness  (Abyabu)  containing 
numerous  trypanosomes. 

December  23.    Animal  found  dead  this  morning. 

Post-mortem,.  Stomach  shows  marked  patches  of  erosion  ;  contains  some 
altered  blood.  Liver,  pale  ;  has  a  flea-bitten  appearance.  Intestines  show 
many  inflamed  patches.  Trypanosomes  are  absent  from  the  blood.  This 
animal  almost  certainly  died  from  the  effects  of  the  arsenic,  given  3|  days 
previously. 


Experiment  342.    Monkey  (Cercopithecus  sp.).    Weight  1,460  Grammes. 

December  7,  1904.  A  maximum  dose  of  arsenic — 6  milligrammes  (which 
equals  1  milligramme  per  243  grammes  monkey) — was  injected. 

December  8.  Animal  very  weak  and  ill,  has  had  much  diarrhoea  in  the 
night. 

December  12.    Animal  seems  well  again.    Arsenic  4  milligrammes. 
December  19.    Arsenic  8  milligrammes. 

December  21.  Injected  subcutaneously,  three  cubic  centimetres  of  cerebro- 
spinal Huid  from  sleeping  sickness  case  (Abyabu),  containing  numerous 
trypanosomes. 

369S9  D 
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March  24.  Animal's  blood  has  been  examined  carefully  every  week  since 
the  day  of  inoculation.  Trypanosomes  have  never  been  found  in  the  blood. 
Animal,  though  thin,  remains  in  good  health. 

The  following  table  shows  the  dates  and  result  of  the  blood  examina- 
tions : — 


Date. 

Parasites  in  Blood. 

Parasites  in  Cerebro- 
spinal Fluid. 

Arsenious 
Acid  in 
milligj'ammes. 

Mai. 

Sfcrept. 

Tryp. 

ISOt. 

Dec.  7 

G 

„  12 

4 

„  19 

+ 

6 

„  21 

Iriooulated  with  trypanosomes. 

„  30 

+  ; 

1905. 

Jan.  5 

+ 

„  13 

+ 

„  23 

+  ■ 

„  30 

+ 

Feb.  8 

+ 

„  13 

+ 

21 

+ 

March  1 

+ 

8 

+ 

Experiment  349.    Monkey  {CercopHhecus  sp.).    Weight  1,030  Grammes. 

December  19,  1904.  Injected  arsenic  4  milligrammes,  i.e.,  1  milligramme 
per  260  gramme  Monkey. 

December  21.  Animal  ill.  Some  diarrhoea.  Injected  subcutaneously 
3  cubic  centimetres  cerebro-spinal  fluid  from  case  of  sleeping  sickness 
(Abyabu),  containing  numerous  trypanosomes. 

December  30.  Animal  seems  to  have  recovered  from  the  arsenic.  Try- 
panosomes are  absent  from  the  blood. 

February  4.  Animal  died  to-day.  Blood  has  been  examined  every  week, 
but  trypanosomes  have  never  been  found  in  it.  This  animal  stood  captivity 
badly,  and  has  got  progressively  thinner.  There  is  a  large  sore  on  it's 
abdomen  where  the  collar  was  attached. 


The  following  table  shows  the  result  of  the  blood  examinations  : — 


Date. 

Parasites  in  Blood. 

Parasites  in  Cerebro- 
spinal Fluid. 

A8.2O3  in 
milligrammes. 

Mai. 

Tryp. 

Strept. 

Tryp. 

1904. 

Dec.  19   

.  21   

„  «o  

1906. 

Jan.  5   

„  18   

24   

80  

Fob.  4   

I  no 

sxilated  wit 

1  trypar.osn 

mos. 

4 
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Post-mortem,  examination  (one  hour  after  death).  Animal  very  aniemic 
and  wasted.  Blood-film  shows  no  trypanosomes.  Organs  pale,  but  not 
unhealthy.  IntesDme  contains  a  large  tape-worm.  Trypanosomes  not 
present  in  the  cerebro- spinal  fluid.    Brain  appears  normal. 

Experiment  341.   Monkey.   Male.    (Cercoj>ithecus  sp.)  Weight 

3*5  Kilos. 

December  7, 1904.  Injected  arsenic,  5  milligrammes,  equal  to  1  milligramme 
ot  arsenic  per  700  grammes  monkey,  and  just  half  the  maximum  dose. 

December  9.  Inject  2  cubic  centimetres  of  blood  from  Kitsame  (an  early 
case  of  trypanosome  infection). 

December  23.    Trypanosomes  appeared  in  the  blood  to-day. 

December  27.  Trypanosomes  numerous  in  blood.  Inject  arsenic, 
i  milJigrammes. 

January  13.  Trypanosomes  again  present  in  the  blood,  having  been 
absent  for  the  last  17  days. 

January  14.    Inject  arsenic  8  milligrammes. 

February  4.  Animal  died  to-day.  Trypanosomes  Jiave  been  abseat  from 
the  blood  smce  the  last  injection  of  arsenic. 

bloo?-— presence  or  absence  of  trypanosomes  in  the 


Date. 

Parasites  in  Blood. 

Parasites  in 
Cerebro-spinal 
Fluid. 

Fil. 

Mai. 

Tryp. 

Strept. 

Tryp. 

Dec.  K; 
„  23 
„  27 

,.  81 


Jan.  6 
„  13 
„  14 
..  17 

„  21 
23 
29 
4 


1904. 


1905. 


Fe'i), 


+ 
+ 
+ 
+ 
+ 


+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 


+ 
+ 


+ 
+ 


AsjOj  in 
miUigrammes. 


Post-mortem  examm^tion  Heart,  normal ;  lungs,  very  pale  ;  a  few 
Zifof  P^'".'^;    ^^^^^^^'^  no  ulceration,  but  a  few 

lit  f  f  !   +1  ^"^  ^^^^^  '^I'scess,  the  size  of  two 

S  I'll  bolder  of  the  liver  substance.    Contents  consist  of 

thick  yellow  curdy  pus.    A  smear  shows  the  presence  of  a  large  Diplococcu? 
Kidneys,  normal.    Lymphatic  glands  not  enlarged.    Brain  appears 
normal.    Trypanosomes  appeared  in  the  blood  of  this  animal  fEeen  davs 
st^o^  beftr-  "         °'  ^'^^      ™«  -^i^l^  had^btrgt'^ 
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D  2 
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Experiment  350.   Monkey  (Cercopithecus  sp.).  Conteol. 

December  21, 1904.  Blood  examined.  Trypanosomes  are  absent.  Injected 
subcutaneously  3  cubic  centimetres  of  cerebro-spinal  fluid  from  sleeping 
sickness  case  (Abyabu),  containing  numerous  trypanosomes. 

January  13.  Trypanosomes  appeared  in  the  blood  to-day  for  the  first 
time. 

March  8.  Animal  is  getting  thin.  Trypanosomes  have  been  continuously 
present  in  the  blood. 


April  4.    Animal  died  to-day. 

The  following  table  shows  the  presence  or  absence  of  trypanosomes  in  the 
blood  : — 


Date. 

Parasites  in 
Blood. 

Parasites  in  Cerebro- 
spinal fluid. 

As,03 
milligrammes. 

Mai. 

Tryp. 

Strepl. 

Tryp. 

1904. 

Dec. 

19  

+ 

None. 

21  

inoculated  with  trypanosomes. 

» 

30  

+ 

1905. 

Jan. 

5  

+ 

)) 

13  

+ 

+ 

23  

+ 

+ 

)i 
i» 

30  

+ 

+ 

Feb. 

.5  

+ 

+ 

13  

+ 

+ 

jt 

21  

+ 

+ 

March 

1  

+ 

+ 

8  

+ 

+ 

)) 

17  

+ 

+ 

i> 

28  

+ 

+ 

April 

4  

+ 

+ 

Post-viortem  examination  (one  hour  after  death).  Animal  thin  and 
anaemic.  Blood-film  contains  trypanosomes  in  large  numbers.  No  super- 
ficial glandular  enlargement.  Brain  appears  normal.  Specimen  of  cerebro- 
spinal fluid  contains  a  little  blood  ;  trypanosomes  are  present  in  it,  but  not  m 
very  large  numbers.  Stomach.— A  few  minute  points  of  superficial  ulceration 
are  scattered  over  the  mucous  membrane.  Each  ulcer  is  covered  with  a  point 
of  blood  clot.    All  other  viscera  normal. 


(2)  Trijpanroth  (Ehrlich). 

We  have  injected  several  fresh  monkeys  vpith  a  solution  of 
trypanroth  with  a  vievp  to  ascertaining  how  much  of  this  drug 
can  be  safely  given  to  these  animals.  Unfortunately,  many  of 
our  monkeys  so  injected  developed  large  abscesses  at  the  seat  of 
injection,  and  in  some  cases  died  from  the  effects  of  such  abscesses. 
Monkeys  injected  in  this  way  became  deeply  pigmented  all  over, 
the  pigmentation  getting  to  its  full  depth  in  48  hours. 
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Table  VIII. 

To  shoio  the  effects  of  different  doses  of  Trypanroth  on  Monkeys. 


Letter 
of 
Animal. 

Weight  of 
Animal. 

Trypanroth, 
2  per  cent, 
solution. 

A. 

3-64  kilos. 

25  cubic  centi- 

metres. 

B. 

1-36  „ 

7  cubic  centi- 

metres. 

C. 

1-8  „ 

9  cubic  centi- 

metres. 

D. 

1-25  „ 

5  cubic  centi- 

metres. 

Trypanroth  per  weight 
of  Monkey. 


Result. 


1  milligramme  per  7"5 
grammes  monkey. 

1  milligramme  per  10 
grammes  monkey. 

1  milligramme  per  10 
grammes  monkey. 

1  milligramme  per  12'5 
grammes  monkey. 


Died. 

Fatal  in  1 2 
days.  Abscess 
formed. 

Fatal  in  7  days 
from  abscess. 

Died  a  month 
later  for  no 
apparent  rea- 
son. 


From  these  experiments  it  seems  that  1  milligramme  of  try- 
pam-oth  per  12  grammes  monkey  is  about  the  minimum  lethal 
dose. 

We  give  the  account  of  an  experiment  in  which  a  monkey 
suflfering  from  the  trypanosome  of  sleeping  sickness  was  unsucess- 
fully  treated  with  a  solution  of  trypanroth.  The  trypanosomes 
disappeared  for  a  time  but  returned  to  the  circulation  in 
12  days. 

Experiment  314.   Monkey  (Cercopithecus  sp.). 
Weight  1-786  kilograiMMes. 
August  15.     Blood   examined ;  trypanosomes  absent.     Inject  5  cubic 
centimetres  of  blood,  containing  numerous  trypanosomes,  from  sleeping 
sickness  case  (Abyabu). 

August  26.  Trypanosomes  have  appeared  in  the  blood  to-day  for  the  first 
time,  11  days  after  inoculation. 

October  26.  For  the  last  two  months,  trypanosomes  have  been  continually 
present  in  the  animal's  blood.  Inject  subcutaneously  10  cubic  centimetres  of 
1  per  cent,  solution  of  trypanroth  Qi.e.  1  milligramme  trypanroth  per  17-8 
grammes  monkey). 

October  28.  Animal's  skin  has  a  deep  red  colour.  Site  of  inoculation 
appears  healthy.    Trypanosomes  absent  from  blood. 

November  2.  Animal  seems  none  the  worse  for  the  drug.  Trypanosomes 
are  still  absent  from  the  blood. 

November  7.    Trypanosomes  have  reappeared  in  the  blood  again  to-dav 
Animal's  skin  is  still  of  a  deep  red  colour. 

December  19.— Trypanosomes  have  been  constantly  present  in  the  blood 
since  November  7.  Inject  5  milligrammes  arsenic  (i.e.  1  milligramme  per 
160  grammes  monkey).    This  dose  proved  fatal  to  the  monkey. 

VI.  On  the  Identity/  of  the  Tri/jmnosome  of  Sleeping  Sickness  loith 

Trypanosoma  Gambicnse  ; 
An  account  of  Inoculation  Experiments  on  32  Rats  and  on  a 

Chimpanzee. 

Following  the  suggestion  of  the  Tropical  Diseases  Committee 
ot  the  Koyal  bociety,  that  there  might  be  more  than  one  species 
of  human  trypanosome  in  Uganda,  we  have  inoculated  white 
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1-ats  with  human  trypanosomes  from  as  many  sources  as  possible. 
White  rats  were  used  because  of  the  recent  announcement  by 
Mr.  Plimmer,  that  these  animals  react  very  differently  to  Try- 
panosoma  gmnhiense  on  the  one  hand  and  to  the  trypanosome 
of  Uganda  sleeping  sickness  on  the  other,  the  author  reporting 
that  white  rats  inoculated  with  the  former  trypanosome  die  in  a 
little  more  than  two  months,  with  swarms  of  parasites  in  their 
peripheral  blood,  while  those  infected  with  the  latter  parasite  die 
Avith  paralysis  of  the  hind  limbs,  and  with  parasites  only  to  be 
found  in  the  spin^.!  cord,  six  to  nine  months  after  inoculation. 

The  rats  used  by  us  have  all  been  bred  out  in  Entebbe  from 
parents  sent  to  us  from  England.  They  were  not  used  for 
inoculation  experiments  until  they  were  at  least  four  months  old. 
Our  stock  of  uninoculated  rats  has  always  been  very  healthy  ; 
we  have  not  lost  a  single  uninfected  animal  from  intercurrent 
disease.  All  rats  inoculated  with  different  strains  of  human 
trypanosome  have  been  kept  apart  in  separate  cages,  and  each 
rat  has  been  identified  by  its  sex,  &c.,  and  by  cuts  or  other  marks 
in  one  or  both  ears. 

We  have  inoculated  rats  from  the  following  sources  : — 

A.  TJie  cerebrospinal  fluid  of  sleeping  sickness  jjatients. 

B.  The  blood  of  monkeys  infected  from  the  cerebrospinal  fluid 

of  sleeping  sickness  patients. 

C.  The  blood  of  sleeping  sickness  patients. 

D.  The  blood  of  patients  loith  trypanosomiasis^  hut  with  no 

symptoms  of  sleeping  sickness. 

E.  The  blood  of  monkeys  infected  from  tlie  blood,  of  trypano- 

somiasis patients,  loith  no  symptoms  of  sleeping  sickness. 

F.  The  gland-juice  of  patients  toith  sleeping  sickness. 

G.  The  gland-juice  of  patients  with  trypanosomiasis,  but  with 

no  symptoms  of  sleeping  sickness. 

Of  32  rats  inoculated  with  trypanosomes  from  these  seven 
sources,  all  but  13  have  shown  trypanosomes  in  their  peripheral 
blood  since  inoculation.  Four  of  these  13  may  yet  do  so,  as  it 
is  only  a  few  weeks  since  they  were  inocvdated. 

Cdass  A. — Of  six  rats  inoculated,  only  two  have  shown  try- 
panosomes in  their  peripheral  blood.  In  these  two  rats  the 
parasite's  have  always  been  very  scanty.  All  the  rats  remain 
healthy. 

Class  B. — Consisted  originally  of  four  rats  all  inoculated  with 
blood  from  a  monkey  infected  with  cerebro-spinal  fluid  from  a 
typical  case  of  sleeping  sickness.  The  blood  used  to  inoculate 
them  was  taken  from  the  monkey  tAvo  months  after  it  had  been 
infected  with  the  cerebro-spinal  fluid.  The  blood  was  moderately 
rich  in  trypanosomes  at  the  time.  Trypanosomes  appeared  in  the 
blood  of  these  four  rats  ten  or  eleven  days  after  inoculation,  to 
reappear  at  intervals  and  in  very  scanty  numbers  up  to  the  time 
of  death.  All  these  rats  showed  paralysis  of  their  hind  limbs 
for  ten  or  more  days  before  their  death,  which  occurred  from 
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three  to  four  months  after  iuoculatiou.  In  three  out  of  the  four 
animals,  trypanosomes  could  not  be  found  in  the  peripheral  blood 
at  the  time  of  death.  In  the  fourth,  trypanosomes  were  present 
in  very  scanty  numbers. 

When  examined  after  death,  trypanosomes  were  found  to  be 
present  in  the  brains  and  spinal  cords  of  these  four  rats  in  con- 
siderable numbers.  Sections  of  these  brains  and  spinal  cords, 
stained  by  Leishman's  special  method,  showed  trypanosomes 
scattered  all  through  the  nervous  matter,  apparently  more 
numerous  in  the  brain  than  in  the  spinal  cord.  Trypanosomes 
could  not  be  seen  in  the  brain  capillaries.  The  sections  of  all 
four  brains  showed  small-celled  infiltration  around  the  blood 
vessels  in  the  brain-substance,  the  typical  lesion  of  sleeping 
sickness. 

Other  rats  inoculated  with  trypanosomes  from  these  paralysed 
rats  have  shown  trypanosomes  in  their  blood  in  much  greater 
numbers  and  far  oftener  than  was  the  case  with  the  original  rats. 
One  of  these  rats  so  inoculated  has  already  died,  and  is  worthy  of 
notice.  Trypanosomes  appeared  in  its  blood  33  days  after 
inoculation  with  a  few  drops  of  spinal-cord  emulsion,  taken  post- 
mortem from  one  of  the  paralysed  rats.  Trypanosomes  became 
more  and  more  numerous  in  this  animal's  blood  until  death 
occurred  just  two-and-a-half  months  from  the  time  of  inoculation. 
At  death  the  spleen  was  enormously  large,  the  liver  was  con- 
siderably enlarged  and  the  blood  swarmed  with  parasites.  This 
rat  never  showed  any  signs  of  paralysis. 

Class  C. — Four  rats  have  been  inoculated  with  blood  from 
sleeping  sickness  patients  in  the  last  stage  of  the  disease,  but 
trypanosomes  have  not  appeared  in  their  blood  up  to  now. 

Class  D. — Four  rats  were  inoculated  from  the  blood  of  an 
Indian,  who  simply  showed  fever  and  trypanosomes  in  his  blood, 
in  July,  1905.  Only  one  of  these  rats  has  ever  shown  trypano- 
somes in  its  blood  since  inoculation.  For  six-and-a-half  months 
this  rat  remained  in  good  health,  showing  trypanosomes  in  its 
blood  at  rare  intervals.  It  then  developed  paralysis  of  the  hind 
limbs,  and  died  on  March  1,  1906,  with  numerous  trypanosomes 
in  the  brain  and  spinal  cord. 

Class  E. — A  smgle  rat  in  this  class  shows  scanty  parasites  in 
its  blood.    It  remains  in  good  health. 

Class  F—Tyvo  rats  inoculated  with  the  gland-juice  of  advanced 
cases  of  sleeping  sickness  have  not  yet  shown  trypanosomes  hi 
their  peripheral  blood.    Both  these  rats  remain  healthy. 

Class  G.—Two  rats  inoculated  with  the  gland-juice  taken 
from  very  early  cases  of  trypanosome-infection  show  trypano- 
somes m  their  blood  at  rare  intervals,  and  at  present  remain 
nealtny. 

It  is  evident  that,  on  examining  the  history  of  the  rats  in 
class  B,  one  and  the  same  strain  of  trypanosome,  obtained 
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Originally  from  a  case  of  sleeping  sickness  (cerebro-spinal  fluid), 
has  produced  death,  in  similar  animals  in  two  distinct  and  very 
different  ways.  The  mode  of  death  in  the  first  four  rats  corre- 
sponds to  that  accredited  by  Plimmer  to  the  trypanosome  of 
Uganda  sleeping  sickness.  The  disease,  death  and  post-mortem 
appearances  in  the  other  rats  inoculated  from  one  of  the  above, 
are  identical  with  what  have  often  been  described  for  rats 
inoculated  with  the  trypanosome  of  Gambia  fever.  So  the  same 
strain  of  trypanosome  has  in  this  way  been  made  to  produce  the 
two  different  effects  which  were  brought  forward  in  support  of 
the  theory  that  the  parasite  of  Gambia  fever  was  distinct  from 
that  of  Uganda  sleeping  sickness.  It  seems  also  that  rats 
inoculated  with  trypanosomes  from  the  spinal-fluid  of  sleeping 
sickness  cases  as  well  as  rats  inoculated  with  blood  from  cases  of 
Trypanosoma  fever  may  both  die  with  marked  symptoms  of 
paralysis. 

From  these  experiments  we  infer  that  there  is  only  one  variety 
of  human  trypanosome  in  Uganda,  and  that  it  is  identical  with 
Trypanosoma  gavihiense. 

The  following  table  gives  an  outline  of  our  experiments  on 
these  white  rats,  and  after  it  we  describe  a  few  of  the  more 
interesting  experiments  in  detail  : — 

Table  IX. 


Class  A. 


Rats  Inocalated  with  Cerebro-spinal  Fluid  from  Sleeping  Sickness  cases. 


Number 
of  Experiment. 

Date  of 
Inoculation. 

Date  of 
appearance  in 
Peripheral 
Blood. 

Number  of 
Parasites 
usually  seen. 

Result. 
Date  of  Death. 

449 
450'' 

479 
480 

541 
542 

1905. 
July  14 

„  14 

Sept.  14 
„  14 

Dec.  6 
„  6 

Never  show 

1905. 
Aug.  2 
(19  days.) 

Oct.  21 
(37  days.) 
Never  sho\^ 

Not  yet  sho 

n  parasites. 

Only  shown 
on  three  oc- 
casions, very 
scantily. 

■  Shown  twice, 
very  scanty. 

n  parasites. 

wn  parasites. 

Alive  and  well, 
March,  1906. 

Alive  and  well, 
March,  1906. 

Alive  and  well, 
March,  1906. 

Died  on  Dec.  1, 
1905,  in  giv- 
ing birth.  • 

Alive  and  well, 
March,  1906. 

Alive  and  well, 
March,  1906. 

°  In  these  tables  case  marked  with  an  asterisk  are  subsequently  given  i 
fuller  detail. 
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Class  B. 


Rats  Inoculated  loith  Blood  from  Alonheys,  ivhich  had  been  previously  Inoculated 
with  Cerehro-spinal  Fluid  from  Sleeping  Sickness  Patients. 


Number 

Date  of 

Date  of 
appeai'ance  in 

Number  of 
Parasites 
usually  seen. 

Result. 

of  Bxporiment. 

Inoculation. 

Peripheral 
Blood. 

Date  of  Death. 

451 

452 
453  (a) 
453  (6)-- 

509 


512*' 
(From  453  (i) 
above.) 

513* 
(From  453  (6) 
above.) 


5145 
(From  4.53  (Z/).) 
519 

(From453(a).) 
520 

(From  453  (a).) 

526 
(From  514.) 


527 
(From  514.) 

546. 
(From  513.) 


1905. 
July  17 


17 


17 


17 


Oct.  20 


Oct.  26 


26 


„  26 

Nov.  6 

„  6 

Nov.  29 

„  29 

Dec.  28 


FiKST  Passage. 

1905. 
July  28  .. 
(11  days.) 


July  27 
(10  days.) 


July  27 
(10  days.) 


July  27 
(10  days.) 


Nov.  28 
(39  days.) 


Shown  several 
times ;  para- 
sites always 
scanty. 
Shown  several 
times ;  para- 
sites always 
scanty. 
Shown  several 
times ;  para- 
sites always 
scanty. 
Shown  several 
times ;  para- 
sites always 
scanty. 
Shown  para- 
sites once 
only. 


Second  Passage. 


Nov.  7 
(12  days.) 

Nov.  28 
(33  days.) 


Nov.  22 

(27  days.) 
Nov.  22 

(16  days.) 
Nov.  16 

(10  days.) 

Third  Passage. 


Parasites  gen- 
erally pre- 
sent, often 
numerous. 

Parasites  very 
numerous, 
increasing 
till  death. 


Often  numer- 
ous. 
Often  numer- 
ous. 
Generally 
scanty. 


Dec.  12 
(13  days.) 

1906. 
Jan.  9 

(41  days.) 
Jan.  2 

(5  days.) 


Moderate 
numbers. 


Scanty  num- 
bers. 

Rather  scanty 
at  present. 


Died  Nov.  6, 
1905,  with 
paralysis. 

Died  Oct.  19, 
1905,  with 
paralysis. 

Died  Nov.  6, 
1905,  with 
paralysis. 

Died  Oct.  26 
1905,  with 
paralysis. 

Alive  and  well, 
March,  1906. 


Alive  and  well, 
March,  1906-. 


Died  Jan.  8, 
1906.  No 
paralysis, 
large  spleen, 
bloodswarm- 
ing  with  try- 
panosomes. 

Alive  and  well, 
March,  1906. 

Alive  and  well, 
March,  1906. 

Alive  and  well, 
March,  1906. 


Alive  and  well, 
March,  1906. 


Alive  and  well, 
March,  1906. 

Alive  and  well, 
March,  1906. 


In  these  tables  case  marked  with  an  asterisk  are  subsequently  given  in 
fuller  detail. 
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Class  C. 


Rats  Inoculated  with  Blood  taken  from  Sleeping  Sickness  Patients,  and 
containing  Trypanosomes  in  moderate  numbers. 


No.  of 
fiXperimeni- 

Date  of 

Tnnpnl  a  t.inn 

Date  of 
appearance  in 
Peripheral 
Blood. 

Number  of 
Parasites 
usually  seen. 

Result. 

1905. 

516 

Oct.  30 

Never  shown  parasites 

Alive  and  well, 

March,  1906. 

517 

„  30 

))  )) 

Alive  and  well, 

March,  1906. 

543 

Dec.  7 

Not  yet  shown  parasites 

Alive  and  well, 

March,  19C6. 

544 

„  7 

))  I) 

)) 

Alive  and  well. 

March,  1906. 

Class  D. 

Rats  Inoculated  from  Patients  sli owing  Trypanosontes  in  their  Peripheral 
Blood,  hut  with  no  symptoms  of  Sleeping  Sickness, 


No.  of 
Experiment. 


Date  of 
Inoculation. 


Date  of 
appearance  ill 
Peripheral 
Blood. 


Number  of 
Parasites 
usual  y  seen. 


Result. 
Date  of  Death. 


455 
456 
457 

458* 


1905. 
July  17 

17 

„  17 
17 


Never  shown  parasites 


1905. 
Aug.  12 
(26  days.) 


Showed  for  a 
month  in 
modera  te 
numbers  ; 
not  shown 
for  three 
months. 


Alive  and  well, 
March,  1906. 

Alive  and  well, 
March,  1906. 

Alive  and  well, 
March,  1906. 

Developed  par- 
alysis of  hind 
limbs  in  Jan., 
1906,anddied 
on  March  1, 
1906. 


In  these  tables  cases  marked  with  an  asterisk  are  subsequently  given  in 
fuller  detail. 
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Class  E. 


Rat  Inoeultited  with  Blood  from  MonTcey  infected  with  Blood  from  Patient 
showing  no  signs  of  Sleeping  Sickness,  but  whose  Blood  contained  Try- 
panosomes. 


No.  of 
Experiment. 

Date  of 
Inoculation. 

Date  of 
appearance  in 
Peripheral 
Blood. 

Number  of 
Parasites 
usually  seen; 

Result. 

545 

1905. 
Dec.  12 

1906. 
Jan.  3 
(22  days.) 

Scanty  at  pre- 
sent. 

Alive  and  well, 
March,  1906. 

Class  F. 

Rats  inoculated  with  Gland-Juice  from  Batients  suffering  from  Sleeping 

Sickness. 

No  of 
Experiment. 

Date  of 
Inoculation. 

Date  of 
appearance  in 
Peripheral 
Blood. 

Number  of 

Parasites 
usually  seen. 

Result. 

508 
523 

1905. 
Oct.  20 

Nov.  15 

Never  sho\^ 

'^n  parasites 

Alive  and  well, 
March,  1906. 

Alive  and  well, 
March,  1906. 

Class  G. 

Ruts  Inoculated  with  Gland- Juice  from  Patients  with  Trypanosomiasis,  hut 
who  show  no  signs  of  Sleeping  Sickness. 

No.  of 
Experiment. 

Dat(!  of 
Inoculation. 

Date  of 
appearance  in 
Peripheral 
Blood. 

Number  of 
Parasites 
usually  seen. 

Result. 

503 
521 

1905. 
Oct.  10 

Nov.  13 

1905. 
Nov.  1 
(22  days.) 

Nov.  22 
(9  days.) 

Only  shown 
once,  in 
very  scanty 
numbers. 

Shown  twice, 
very  scantily. 

Alive  and  well, 
March,  1906. 

Alive  and  well, 
March,  1906. 
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Details  of  some  of  the  Experiments  shown  in  the  foregoing  tables  .'— 

Class  A. 

No.  450.   Rat  (White).   Male.   Right  Ear  cut. 
July  14,  1905.    Inject  subcutaneously  the  deposit  from  10  cubic  centi- 
metres of  cerebro-spinal  fluid  left  after  centrif uging,  taken  from  a  case  of 
well-marked  sleeping  sickness.    Trypanosomes  are  present  in  this  deposit  in 
moderate  numbers. 

August  2.  Trypanosomes  have  appeared  in  the  blood  to-day  in  scanty 
numbers. 

October  4.  Animal  remains  in  good  health.  Trypanosomes  are  not  to  be 
found  in  the  blood. 

November  1.  Trypanosomes  again  present  in  the  blood  in  very  scanty 
numbers. 


January  9,  1906.    Animal  remains  in  apparently  perfect  health. 
The  following  table  shows  the  result  of  the  blood  examinations  : — 


Date. 

Trypano- 
somes. 

Date. 

Trypano- 
somes. 

Date. 

Trypano- 
somes. 

1905: 

July  14 

„    21  ... 

„  23  ... 
25  ... 

„    27  ... 

„    29  ... 

,  31  ... 
Aug.  2 

„     4  ... 

::  I  ::: 

„    10  ... 
„    12  ... 

M  1  1  l  +  l  1  1  1  1  1  1 

1905. 
Aug.  14 

„    16  ... 

„    19  ... 

„    22  ... 

,    27  ... 
Sept.  1 

„     G  ... 

„    13  ... 

.,  20 

„    27  ... 
Oct.  4 
„    19  ... 
„    25  ... 

1 1 1 1 1 1 1 1 l+l 1 1 

1905. 
Nov.  1 
„    12  ... 
„    16  ... 
„    22  ... 

28 

Dec.  6 
„    12  ... 
„    20  ... 
„    27  ... 

1906. 
Jan.  3 
„     9  ... 

+  1  1  1  1  1  1  1  1  II 

Class 

B. 

No.  453  (&).   Rat  (White).   Female.   Right  Ear  notched. 

July  17,  1905.  Inject  subcutaneously  three  drops  of  blood  and  citrate 
solution  from  monkey  420. 

July  27.    Trypanosomes  scantily  present  in  the  blood  to-day. 

October  19.  There  is  well-marked  paralysis  of  the  hind  limbs.  Otherwise 
animal  seems  fairly  well.  Trypanosomes  have  not  been  found  in  the  blood 
since  Sept.  6. 

October  23.    Animal  is  getting  thin  and  seems  very  sick.  Extreme 
paralysis  of  hind  limbs. 
October  26.    Animal  moribund,  and  killed. 

The  following  table  shows  the  presence  or  absence  of  trypanosomes  in  the 
blood  : — 

Date. 

Trypano- 
somes. 

Date. 

Trypano- 
somes. 

Date. 

Trypano- 
somes. 

1905. 
July  21 

"    I?  - 
"   25  - 

Aug.  4 
„     8  ... 
„    16  ... 

l+l+l 1 1 

1905. 
Aug.  19 

„    23  ... 

„    27  ... 
Sept.  1 

"  il  ::: 

„    20  ... 

1  l  +  l  1  1  + 

1905. 
Sept.  27 
Oct.  4 

„    11  ... 

„    19  ... 

„    20  ... 

„    25  ... 

„    26  ... 
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October  26.  Post-mortem  examination,  immediately  after  death.  The 
animal  is  decidedly  thin.  No  oedema  of  the  body  wall.  Eyes  normal.  No 
enlart^ement  of  the  superficial  lymphatic  glands.  The  coat  is  rough  and  full 
of  lice.  All  the  viscera  of  the  thorax  and  abdomen  appear  quite  healthy. 
Spleen  a  little  larger  than  normal.  Brain  and  spinal  cord  appear  normal  to 
the  naked  eye.  Trypanosomes  not  present  in  a  blood-film.  Emulsions  in 
normal  citrate  solution  were  then  made  of  the  brain,  spinal  cord  and  thoracic 
and  abdominal  viscera.  These  emulsions  having  been  centrif  uged,  the  deposits 
were  examined.  Trypanosomes  were  found  to  be  numerous  in  the  brain, 
to  be  present  in  moderate  numbers  in  the  spinal  cord  and  to  be  scanty  in  the 
other  viscera.  Other  rats  were  inoculated  with  portions  of  these  emulsions. 
Sections  of  the  brain  and  spinal  cord,  stained  by  Leishman's  method,  showed 
well-marked  small-celled  infiltration  around  the  cerebral  blood-vessels. 
Numerous  trypanosomes  could  be  seen  scattered  all  through  the  brain- 
substance. 

Class  B. 
Second  Passage. 
No.  513.   Rat  (Black  and  White).   Male.   Both  Baks  cut. 

October  26,  1905.  Inject  subcutaneously  a  few  drops  of  an  emulsion  in 
normal  citrate  of  the  spinal  cord  of  rat  453  (&). 

November  28.    Trypanosomes  have  appeared  in  the  animal's  blood  to-day. 

December  27.  Trypanosomes  have  now  become  numerous  in  this  animal's 
blood.    Animal  seems  in  good  health. 

January  4,  1906.  Trypanosomes  have  now  become  about  half  as  numerous 
in  the  blood  as  the  red  corpuscles.  A  few  nucleated  red  corpuscles  are 
present. 

January  8.  Animal  died.  Trypanosomes  swarmed  in  the  blood  just 
before  death,  and  were  as  numerous  as  the  red  corpuscles. 


The  following  table  shows  the  result  of  the  blood  examinations  : — 


Date. 

Trypano- 

Date. 

Trypano- 

Date. 

Trypano- 

somas. 

somes. 

somes. 

1905. 

1905. 

1006. 

Oct.  26 

Dec.  28 

+  + 

Jan.  2 

+  + 

Nov.  7 

„    29  ... 

+  + 

„     3  ... 

+  + 

„    22  ... 

„    -AO  ... 
.,    ill  ... 

+  + 

„      4  ... 

+  + 

„    28  ... 

+ 

+  + 

„      5  ... 

+  + 

Dec.  h 

+ 

„      U  ... 

+  + 

„    12  ... 

+ 

190G. 

„      7  ... 

+  +  + 

„    20  ... 

+ 

Jan.  1 

+  + 

„     8  ... 

+  +  + 

„    27  ... 

+  + 

January  8.  A  post-morte.m  exammation  was  made  at  death.  Animal  is 
thin,  but  not  emaciated.  Trypanosomes  very  numerous  in  the  peripheral 
blood.  Superficial  lymphatic  glands  enlarged.  Abdominal  and  mesenteric 
glands  enlarged.  Lungs  and  heart  appear  normal.  Spleen  enormously 
enlarged.  Weight  4-35  grammes.  Length  6*5  centimetres.  Breadth 
1-3  centimetres.  Liver  considerably  enlarged ;  weight  12  grammes.  Kidneys 
appear  normal.  Urine  in  bladder  normal.  Brain  and  spinal  cord  appear 
normal.  Smears  of  the  brain,  when  a  brain  capillary  is  seen  in  the  smear, 
show  the  capillary  swarming  with  trypanosomes,  Smears  of  spleen  shoTy 
trypanosomes  in  very  large  numbers, 
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No.  512.   Rat  (Black  and  White).   Female.   Two  cuts  in  each  Ear. 

r,.?^*"!^^!  ^5'  ^l^h  l""^^"^  subcutaneously  a  few  drops  of  an  emulsion  in 
normal  citrate  of  the  brain  of  rat  453  (i).  ^ 

November  7.    Trypanosomes  have  appeared  in  the  blood  to-day. 
January  8,  1906.    Trypanosomes  have  several  times  been  numerous  in  the 
paralysis  apparently  in  good  health.    There  are  no  symptoms  of 

The  following  table  shows  the  result  of  the  blood  examinations  :— 


Date. 

Trypano- 
somes. 

Date. 

Tryj)aiio- 
somes. 

Date. 

Trypano- 
somes. 

i9or). 

Oct.  26 
Nov.  7 

„     12  ... 
22  ... 

„     28  ... 
Dec.  5 

+ 
+ 

+ 

1905. 
Dec.  12 
„     20  ... 
„    27  ... 
„    29  ... 
„     30  ... 
„     31  ... 

1  l  +  l  +  l 

1906. 
Jan.  2 
„      3  ... 
„      4  ... 

f>  .. 
„      7  ... 
„      8  ... 

+ 
+ 

+ 

+ 

No.  514.   Rat  (White).  Female. 

October  26,  1905.  Inject  subcutaneously  a  few  drops  of  the  deposit  left 
after  centrifuging  the  blood,  and  emulsified  viscera  of  rat  453  (b). 

November  22.    Trypanosomes  have  appeared  in  the  blood  to-day. 

November  28.  Trypanosomes  have  now  become  very  numerous  in  the 
blood.    Animal  seems  in  good  health. 

November  30.  Trypanosomes  have  become  comparatively  scanty  in  the 
blood. 

January  8,  1906.  Animal  remains  in  good  health.  No  symptoms  of 
paralysis.    Trypanosomes  remain  present  in  the  blood  in  scanty  numbers. 

The  following  table  shows  the  result  of  the  blood  examinations  : — 


Date. 

Trypano- 

Date. 

Ti'ypano- 

Date. 

Trypano- 

somes. 

somes. 

somes. 

1905. 

1906. 

1906. 

Oct.  26 

Dee.  2 

+ 

Jan.  1 

Nov.  7 

„      f.  ... 

+ 

9 

+ 

„  IG 

„     12  ... 

+ 

„    3  ... 

+ 

„  22 

,.     20  ... 

„     fi  ... 

+ 

„     28  ... 

+  + 

„     27  ... 

+ 

„    8  ... 

+ 

„  29 

+  + 

„     23  ... 

„    9  ... 

+ 

„  30 

+ 

Class  D. 

No.  458.   Rat  (Black  and  White).   Female.   Ejoht  Eak  cut. 

July  17,  1905.  Inject  subcutaneously  a  few  drops  of  blood,  mixed  with 
normal  citrate,  taken  from  Ladha  Singh,  a  sepoy,  whose  blood  contains 
trypanosomes  in  moderate  numbers. 

August  12.  Trypanosomes  have  appeared  in  the  animal's  blood  to-day  in 
scanty  numbers. 
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September  13.  Trypanosoraes  have  been  present  in  the  blood  con- 
tinuously for  the  last  month.  The  parasites  have  always  been  quite  scanty. 
Animal  remains  in  good  health. 

January  9,  1906.  Animal  remains  in  good  health.  Trypanosomes  have 
not  been  present  in  the  blood  since  the  middle  of  September. 

The  following  table  shows  the  result  of  the  blood  examinations  : — 


Date. 

m 

xrypano- 

Date. 

Date. 

m 

irypano- 

Bomes. 

somes. 

1905. 

1905. 

1905. 

July  17 

Aug.  16 

+ 

Nov.  12 

„    21  ... 

„    19  ... 

+ 

„    16  ... 

„    23  ... 

„    23  ... 
„    27  ... 

„    22  ... 
„    28  ... 

„    25  ... 

+ 

„    27  ... 

Sept.  1 

Dec:  5 

„    29  ... 

„     6  ... 

+ 

„    12  ... 

„    31  ... 

„    13  ... 

+ 

„    20  ... 

Aug.  2 

„    20  ... 

„    27  ... 

„     4  ... 

„    27  ... 

„  6 

Oct.  4 

1906. 

..  8 

..  10 

Jan.  3 

'..  12 

+ 

Nov.  1 

„     9  ... 

..  H 

+ 

January  23.  This  rat  has  now  developed  paralysis  of  the  hind  limbs. 
Trypanosomes  are  not  present  in  the  blood. 


No.  394:  Chimpanzee. 

March  1,  1905.  Examine  animal's  blood.  Trypanosomes  are  absent. 
Animal  seems  healthy.  Glands  not  palpable.  Remove  30  cubic  centimetres 
of  cerebro  spinal  fluid  from  Zenabu  (a  well  marked  case  of  sleeping  sickness), 
and  inject  it  subcutaneously  into  the  left  fore-arm  of  the  chimpanzee.  An 
examination  of  a  further  8  cubic  centimetres  of  cerebro-spinal  fluid  show 
that  trypanosomes  are  present  in  it  in  scanty  numbers.  The  fluid  was  quite 
free  from  blood,  and  was  sterile  on  cultivation. 

March  18.  Trypanosomes  are  present  in  the  animal's  blood  to-day.  They 
are  normal  in  appearance  and  numerous.    Animal  still  very  savage. 

April  7.  Animal's  condition  remains  unaltered.  Temperature  101°. 
Still  takes  his  food  well,    Trypanosomes  numerous  in  the  blood. 

May  1.  Temperature  102°.  Animal  is  suffering  from  tape-worm. 
Blood  contains  a  few  nucleated  red  cells.  Trypanosomes  are  present  but 
scanty. 

May  15.  Condition  remains  good,  but  animal  is  slightly  thinner  than  on 
arrival.  There  is  some  fulness  under  the  eyes.  No  enlarged  glands  can  be 
felt. 

May  29.  Animal  sits  a  great  deal  with  his  hands  to  his  head.  Coat  is 
looking  ragged.  Trypanosomes  are  present  in  the  blood,  but  in  very  scanty 
numbers. 

June  12.  Temperature  103°.  Trypanosomes  are  absent  from  the  blood 
A  distinct  fulness  under  the  eyes. 

J une  24.  Enlarged  glands  felt  in  the  right  axilla.  Gland  punctured  • 
gland-]  uice  contains  actively  motile  trypanosomes  in  fair  numbers  Trypano- 
somes are  absent  from  the  blood. 

July  6.  Animal  is  much  weaker  than  formerly  ;  trypanosomes  are  present 
in  the  gland-juice  but  cannot  be  found  in  a  blood-film. 
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J uly  22.  Animal  very  thin  and  sick.  Appetite  bad.  Temperature  95°. 
Gland-juice  contains  numerous  trypanosomes.    Blood-film  negative. 

J  uly  29.  Animal  is  getting  worse  every  day.  Temperature  95°-4.  There 
is  no  tremor.    Marked  emaciation. 

August  8.    Animal  died  to-day. 

Post-mortem  examination  one  hour  after  death.  Body  is  very  thin  and 
wasted.  There  is  marked  general  superficial  glandular  enlargement.  Smears 
of  the  gland-juice  show  trypanosomes  in  scanty  numbers. 

Trypanosomes  not  present  in  the  cerebro-spinal  fluid.  Surface  of  brain 
normal,  no  thickening  of  the  membranes.  Brain  appears  normal  to  the 
naked  eye.  Smears  of  brain-substance  showed  nothing  noteworthy.  Sections 
of  (1)  cortex,  (2)  basal  ganglia,  (3)  pons,  and  (4)  medulla,  were  made  and 
examined,  but  showed  none  of  the  changes  characteristic  of  death  from 
sleeping  sickness  in  men. 

Lungs  and  heart,  normal.  Liver,  large  and  fatty.  Kidneys,  pale  and 
somewhat  soft.  Capsule  strips  normally.  Spleen,  normal  ;  weighs  4  ozs. 
Stomach,  dilated  ;  surface  of  mucous  membrane  pale,  but  otherwise  normal. 
Blood-films  taken  and  examined  after  death,  do  not  show  the  presence  of 
trypanosomes.  Smears  of  the  gland-juice  taken  from  the  cervical  and 
axillary  glands  after  death  are  also  negative. 

The  following  table  shows  the  results  of  the  blood  and  gland  examina- 
tions, &c. 


Date; 


Percentages; 


Parasites  in 
Glands. 


p. 

9 


u 


Parasites  in 
Blood. 


In  Cerebro- 
spinal Fluid. 


March  1 
„  18 

April  7 

May  1 
„  15 
„  29 

June  12 
»  24 

July  6 
12 

„  22 
»  29 
Aug.  8 


37 

50 

8 

"5 

+ 

+ 

+ 

36 

50 

i'l 

3 

+ 

+ 

62 

27 

11 

+ 

+ 

59 

37 

4 

+ 

+ 

53 

4I 

3 

+ 

55 

42 

3 

+ 

33 

60 

7 

+ 

+ 

+ 

+ 

+ 

+ 

Unfortunately  this  animal  died  from  the  effects  of  captivity  six  months 
after  inoculation.  It  is  interesting  to  note,  however,  that  enlargement  of 
the  lymphatic  glands  appeared  three  months  after  inoculation,  and  that 
trypanosomes  could  easily  be  found  in  the  gland-juice  when  prolonged 
examination  of  blood-films  proved  negative. 


VII. — On   the   occurrence  of  Trypanosoma  Gambiense  in  the 
Blood  of  Native  Dogs  in  Uganda. 

In  Report  No.  VI.,  p.  275,  where  mention  was  made  of 
an  qutbreak  of  sleeping  sickness  at  Bugungu,  at  the  north 
eastern  extremity  of  the  Albert  Nyanza,  it  was  also  stated 
that  the  dogs  of  that  district  were  said  to  be  suffering  from  some 
wasting  disease  £^nd  that  trypanosomes  had  been  found  m  one  o± 
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these  animals.  Dr.  Pooley,  the  medical  officer  of  the  district, 
kindly  obtained  two  of  these  native  dogs  for  us,  and  had  them 
forwarded  to  Entebbe,  where  they  arrived  on  November  28, 190'4. 
Both  of  them  then  presented  a  similar  appearance.  They  were 
decidedly  thin,  their  coats  were  rough  and  dirty  and  full  of  fleas. 
One  of  them  showed  some  slight  glandular  enlargement  in  the 
axilla.  There  was  no  oedema  or  swelling  of  any  part  of  their 
bodies.  The  ears  of  both  animals  were  ragged  and  covered  with 
scabs.  Both  dogs  could  run  and  walk  normally  and  devoured 
their  food  eagerly.    Their  eyes  were  normal. 

Experiment  No.. 332.   Dog  (Native).  Male. 

November  28,  1904.  Blood  examined  ;  trypanosomes  absent,  no  other 
parasite  seen  ;  temperature  102°. 

December  13.  Blood  again  examined,  nothing  found.  Animal  very  aneemic, 
and  getting  thinner.    Segments  of  tape-worm  found  in  motions. 

January  5,  1905.  Trypanosomes  found  in  blood  to-day  in  moderate 
numbers.  This  trypanosome  in  size  and  shape  is  practically  identical  with 
that  of  sleeping  sickness  in  the  blood  of  human  beings. 

January  12.  Animal  now  very  weak  and  ill  and  does  not  eat  his  food 
well.    Trypanosomes  cannot  be  found  in  the  blood  to-day. 

January  17.  Trypanosomes  again  present  in  the  blood.  There  is  no 
oedema  or  swelling  in  any  part  of  the  body.  Eyes  normal.  Animal  is 
extremely  anjemic. 

January  25.    Animal  died  to-day. 


The  following  tables  shows  the  result  of  the  blood  examinations  : — 


Date. 

Parasites 
in  Blood. 

Parasites 
in  Cerebro- 
spinal Fluid. 

Date. 

Parasites 
in  Blood. 

Parasites 
in  Cerebro- 
spinal Fluid. 

Trypano- 
somes. 

Trypano- 
somes. 

Trypano- 
somes. 

Trypano- 
somes. 

1904. 
Nov.  28  ... 
Dec.    6  ... 
„    13  ... 

1905. 
Jan.  5 

+ 

1905. 
Jan.  9 
„     10  ... 
„     14  ... 
„     17  ... 
„     24  ... 

1  M++ 

Post-mortem  examination  (immediately  after  death).  The  body  is 
extremely  emaciated,  abdomen  retracted,  whole  carcase  is  covered  with  fleas 
and  there  are  many  ticks  on  the  ears.  Mucous  membranes  very  anasmic. 
Eyes  normal.  No  oedema.  Lymphatic  glands  in  axillas  and  groin  slightly 
enlai-ged,  but  not  abnormal  on  section.    Subcutaneous  tissue  normal. 


On  opening  abdomen  and  thorax,  both  cavities  are  found  to  be  free  of 
fluid.  Pericardium  is  normal.  Heart,  very  anasmic,  otherwise  normal. 
Lungs,  healthy.  Spleen,  not  enlarged,  normal  on  section.  Kidneys, 
capsules  strip  off  readily,  very  pale.  Stomach  and  intestines  show  many 
small,  white,  thread-like  worms  in  stomach  and  duodenum — Ankylostoma. 
Intestines  are  swarming  with  Tccnia  solium  ;  mucous  membrane  very  pale. 

Death  was  probably  due  to  ankylostomiasis  in  this  animal.  Trypano- 
somes were  only  found  occasionally  in  the  blood,  and  never  in  large 
numbers. 


E 
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Experiment  No.  333.   Doa  (Native).  Male. 

November  28,  1904.    Blood  examined,  nothing  abnormal  found. 

January  5,  1905.  Animal  intensely  antEmic  and  emaciated.  Eyes  normal. 
No  oedema  or  swelling  of  any  part  of  the  body.  Animal  can  still  walk 
and  even  run  when  urged. 

January  15.  Trypanosomes  found  in  the  blood  to-day  for  the  first  time  in 
scanty  numbers.  The  parasite  exactly  resembles  that  found  in  a  dog  (Experi- 
ment No.  332)  about  ten  days  ago. 

January  24.  Animal  died  to-day.  He  has  been  getting  steadily  thinner 
and  weaker,  but  there  have  been  no  other  symptoms.  For  the  last  two  days 
he  has  refused  his  food. 


The  following  table  gives  the  result  of  the  blood  examinations: — 


Date: 

Parasites  in 
Blood. 

Parasites 
m  Cerebro- 
spinal Fluid. 

Date. 

Parasites  in 
Blood. 

Parasites 
in  Cerebro- 
spinal Fluid. 

Pyro- 
somes. 

Trypano- 
somes. 

Trypano- 
somes. 

Pyi'o- 
somes. 

Trypano- 
somes. 

Trypano- 
somes. 

1904. 
Nov.  28 
Deo.  0 

„  13 

1905. 
Jan.  5 

1905. 
Jan.  10 

„  15 
..  20 

24 

1  +  1  + 

Post-mortem  examination  made  a  few  minutes  after  death.  A  blood-film 
contains  trypanosomes  in  moderate  numbers.  Emaciation  very  marked. 
Eyes  normal.  No  swelling  or  oedema  of  any  part  of  the  body.  Lymphatic 
glands  not  enlarged.  Subcutaneous  tissue  normal.  Pericardium,  normal. 
Heart,  very  pale.  Cavities  somewhat  dilated.  Lungs  show  a  few  small 
areas  of  collapse,  very  pale.  Spleen  not  enlarged,  normal  on  section. 
Kidneys,  normal.  Stomach  and  intestines  swarming  with  worms.  Anky- 
lostoma  and  Tmiia  solium.    Brain  showed  nothing  abnormal. 

Death  in  this  animal  was  almost  certainly  due  to  anaemia  from  the  swarms 
of  Ankylostoma  present. 

Evidence  that  tJie  trypanosome  found  in  the  native  Dogs  from 
Bugangit,  is  identical  ivith  the  Trypanosoma  Gambiense  of 
Sleejiing  Sickness. 

The  trypanosome  found  in  the  two  dogs  sent  to  vis  from 
Bngungu  is  morphologically  indistinguishable  from  the  human 
parasite  of  sleeping  sickness.  In  the  original  dogs  sent  to  us 
the  disease  must  have  lasted  at  least  three  months,  if,  as  it  is 
only  reasonable  to  suppose,  these  animals  were  already  infected 
when  they  started  on  their  journey  to  Entebbe.  These  two  dogs 
presented  none  of  the  recognised  symptoms  of  Nagana,  such  as 
swelling  and  ojdema  of  the  extremities,  opacity  of  the  cornea,  or 
skin-eruption.  At  their  death,  rather  more  than  three  months 
after  leaving  Bugungu,  they  were  thin,  anasmic,  and  swarming 
with  intestinal  worms.  While  they  were  at  Entebbe,  trypano- 
somes could  only  rarely  be  found  in  a  drop  of  their  blood. 
On  examining  the   animals  after  death,  trypanosomes  were 
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numerous  in  the  blood  of  both  of  them,  but  with  no  gland- 
enlargement,  subcutaneous  infiltration,  or  jelly-like  deposit  on 
the  pericardium.    In  neither  case  was  the  spleen  enlarged. 

Injection  experiments  with  this  trypanosome  on  other  animals 
have  given  the  following  results  : — 

A  donkey,  a  bullock,  and  two  goats  have  never  shown 
trypanosomes  in  their  blood  since  their  inoculation  six  months 
ago.    These  animals  are  still  apparently  in  good  health. 

A  dog  inoculated  in  July,  1905,  died  at  the  end  of  January, 
1906  ;  seven  months  after  infection  trypanosomes  were  always 
present  in  his  blood,  generally  in  considerable  numbers. 

Two  cats  inoculated  in  July  are  also  alive  and  apparently 
healthy,  although  their  blood  constantly  shows  the  presence  of 
parasites.  Two  monkeys  lived  four  and  five  months  respectively 
after  infection  with  this  trypanosome.  Their  blood  generally 
showed  the  presence  of  the  parasite. 

Two  out  of  the  three  guinea-pigs  inoculated  with  this 
trypanosome  showed  the  parasite  19  days  afterwards.  One 
animal,  which  lived  nine  months,  always  showed  the  parasite  in 
considerable  numbers  in  its  blood.  The  other  animal  died  on  its 
way  to  England.  Of  four  rats  inoculated  with  this  parasite,  one 
has  died  with  paralysis  of  the  hind  limbs,  and  with  trypanosomes 
numerous  in  the  brain  and  spinal  cord,  but  scanty  in  the  blood, 
four  months  after  infection.  The  other  three  rats  have  all  quite 
occasionally  shown  the  parasite  in  their  blood.  They  seem  at 
present  in  good  health. 

From  these  experiments  it  may  be  inferred  that  the  trypano- 
some found  in  the  dogs  sent  to  us  from  Bugungu  is  really  the 
trypanosome  of  sleeping  sickness.  This  disease,  at  the  time 
when  these  dogs  were  sent  to  us,  had  already  broken  out  at 
Bugungu,  and  now,  after  a  year's  interval,  has  there  assumed 
serious  proportions.  That  the  tsetse  fly  bites  dogs  is  a  fact  well 
known  to  anyone  who  has  taken  a  dog  into  a  fly-infested  area. 
Whether  dogs  infected  with  the  trypanosome  of  sleeping  sickness 
actually  die  from  such  infection  does  not  at  present  seem  clear. 
The  two  original  dogs  from  Bugungu  certainly  died  in  our 
laboratory  within  a  few  days  of  one  another,  but  they  were  very 
antemic  from  swarms  of  intestinal  parasites  (Ankylostoma,  Tgenia, 
&c.).  A  healthy  dog  inoculated  from  one  of  them  has  just  died, 
seven  months  after  infection ;  trypanosomes  were  constantly 
present  in  his  blood.  Dogs  inoculated  with  the  trypanosome  of 
sleeping  sickness  by  former  members  of  this  Commission,  and 
kept  in  this  laboratory,  all  died  of  ankylostomiasis,  and  in  no 
single  case  was  death  attributed  to  their  trypanosomes. 

It  seems  then,  that  in  areas  of  sleeping  sickness  dogs  as  well  as 
men  may  act  as  carriers  of  the  disease.  The  fact  that  infected 
dogs  may  live  a  long  while,  and,  as  a  rule,  show  the  parasite  in 
their  peripheral  blood  in  far  greater  numbers  than  is  the  case 
with  human  beings,  makes  them  of  considerable  importance  as  a 
source  of  infection  in  districts  infested  with  flies. 
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As  the  question  of  the  identity  of  this  "  Bugungu  '*  trypano- 
some  with  Trypanosoma  gamhiense  appears  to  us  to  be  of 
considerable  importance,  we  give  in  detail  the  results  of 
inoculation  experiments  performed  by  us  with  it. 

Experiment  No.  209  (a).   Ox  (fawn). 

January  24,  1905.  Injected  subcutaneously  10  cubic  centimetres  of  blood 
from  dog,  Experiment  No.  333,  containing  trypanosomes  in  moderate 
numbers. 

April  27.  This  animal's  blood  has  been  regularly  examined  every  week 
up  to  now,  but  trypanosomes  have  never  been  found  in  it.  The  animal 
remains  in  good  health. 

August  1.  Animal  still  in  good  health.  Trypanosomes  have  never 
appeared  in  its  blood. 

Experiment  No.  296  (a).   Goat  (black  and  white). 

January  25,  1905.  Injected  subcutaneously  5  cubic  centimetres  of  blood 
from  dog  Experiment  No.  332,  containing  trypanosomes  in  scanty  numbers. 

April  27.  Animal  remains  in  good  health.  Its  blood  has  been  regularly 
examined  every  week  up  to  now,  but  trypanosomes  have  never  been  found 
therein. 

Experiment  No.  305  {a).   Donkey.    Top  off  Right  Ear. 

January  24,  1905.  Injected  subcutaneously  10  cubic  centimetres  of  blood 
from  dog,  Experiment  No.  333,  containing  trypanosomes  in  moderate 
numbers. 

April  27.  This  animal  remains  in  good  health.  Its  blood  has  been 
examined  every  week,  but  trypanosomes  have  never  been  found  in  it. 

Experiment  No.  371.  Guinea-pig. 
January  24,  1905.    Injected  subcutaneously  1  cubic  centimetre  of  blood, 
mixed  with  citrate,  from  dog,  No.  332,  containing  numerous  actively  motile 
trypanosomes. 

March  28.  Trypanosomes  have  not  appeared  in  the  animal's  blood  since 
inoculatioQ.  Re-moculate  animal  by  injecting  a  few  drops  of  blood  from 
guinea-pig.  No.  372,  containing  the  '•  Bugungu  "'  trypanosomes  in  moderate 
numbers. 

April  17.  Trypanosomes  have  appeared  in  the  blood  to  day  for  the  first 
time,  20  days  after  re-inoculation.  The  parasites  are  short,  blunt  pointed, 
and  closely  resemble  the  sleeping  sickness  trypanosome. 

September  10.  Up  to  to-day  this  animal  has  apparently  been  in  good 
health  ;  to-day  it  was  found  dead. 

The  following  table  shows  the  presence  or  absence  of  trypanosomes  in  the 
blood  : — 


Date. 

Trypano- 
somes. 

Date. 

Trypano- 
somes. 

Date. 

Trypano- 
somes. 

1905. 
Jan.     27  ... 
Feb.      1  ... 
17  ... 
"    .  24  ... 
March  18  ... 

„      28  ... 
April     4  ... 

1905. 
April  17  ... 

„      27  ... 
May   13  ... 

„      27  ... 
June    3  ... 

„     18  ... 

„      24  ... 

+ 
+ 
+ 
+ 
+ 
+ 
+ 

1905. 
June  29  ... 
July   11  ... 

„      23  ... 

„'     28  ... 
Aug.  12  ... 

„     24  ... 
Sept.    4  ... 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
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Post  -  mortem  examination.  Animal  not  emaciated.  Eyes  normal. 
Stomach  and  intestines  full  of  food.  All  viscera  appear  normal.  Spleen 
slightly  enlarged.  Trypanosomes  could  not  be  found  in  the  blood. 
Lymphatic  glands  not  enlarged. 

ExPEEiMENT  No.  351.    MoNKEY  ( CercopHhecus  sp.). 

March  28,  1905.  Animal's  temperature  has  been  taken  every  day  for  the 
last  month,  and  has  been  found  to  be  normal.  Frequent  blood-examinations 
have  proved  the  absence  of  trypanosomes.  Inoculate  the  monkey  with 
"  Bugungu  "  trypanosomes  by  injecting  under  the  skin  a  few  drops  of  blood 
from  guinea-pig.  No.  372. 

April  6.  Trypanosomes  are  present  in  the  blood  to-day  for  the  first 
time.    Animal's  temperature  is  105'4°. 

May  14.  ■  Temperature  irregular,  varying  between  99°  and  103°.  Trypano- 
somes have  been  constantly  present  in  the  blood  since  the  first  infection. 

June  30.    Animal  has  got  progressively  thinner  and  weaker.    The  eyes 
are  normal,  there  are  no  enlarged  superficial  glands  or  oedema. 
July  19.    Animal  died  to-day. 

The  following  table  shows  the  result  of  the  blood  examinations  in  this 
case  : — 


Parasites 

Parasites  in 

Parasites 

Parasites  in 

in 

Cerebro- 

in 

Oerebro 

Date. 

Blood. 

spinal  fluid. 

Date. 

Blood. 

spinal-fluid. 

Mai. 

Tryp. 

Strept. 

Tryp. 

Mai. 

Tryp. 

Strept. 

Tryp. 

1905. 

1905. 

March  28  ... 

+ 

May    21  ... 

+ 

+ 

April     1  ... 

+ 

„     30  ... 

+ 

6  ... 

+ 

+ 

June    8  ... 

+ 

+ 

„      15  ... 

+ 

+ 

„     18  ... 

+ 

„      21  ... 

+ 

+ 

26  ... 

+ 

+ 

„      28  ... 

+ 

+ 

July    7  ... 

+ 

+ 

May      4  ... 

+ 

+ 

„     14  ... 

+ 

+ 

„      14  ... 

+ 

+ 

„     19  ... 

+ 

Pos<-77ior«em  made  at  death.  Animal  is  thin.  Pupils  equal  and  normal. 
Superficial  lymphatic  glands  not  enlarged.  On  reflecting  the  dura  mater, 
the  surface  of  the  cortex  appears  normal.  Trypanosomes  are  not  present  in 
the  cerebro-spinal  fluid.  Portions  of  brain  are  removed  for  minute  examina- 
tion. Heart  appears  normal.  There  is  a  little  free  fluid  in  the  pericardial 
cavity.  A  drop  of  heart's  blood  contains  trypanosomes  in  moderate 
numbers.  The  rest  of  the  viscera  appear  normal.  Spleen  is  enlarged  to 
about  twice  the  normal  size. 

The  course  of  this  Bugungu  disease  in  a  monkey  very  closely  resembles 
that  of  sleeping  sickness  in  the  same  animal.  Trypanosomes  were  always 
present  in  the  animal's  blood,  but  never  in  large  numbers. 

Experiment  No.  446.   Dog  (White  and  Brown). 

J uly  12, 1905.  Injected  subcutaneously  a  few  drops  of  blood  from  monkey 
No.  351  containing  the  "  Bugungu  "  trypanosome  in  scanty  numbers. 

August  4.    Trypanosomes  have  appeared  in  the  animal's  blood  to-day. 

October  9.  Animal  remains  in  good  health.  Trypanosomes  are  con- 
stantly present  in  the  blood.  Many  short  stumpy  forms  of  the  parasite  seen. 

January  9th  1906.  Animal  does  not  seem  quite  so  well  as  formerly. 
Appetite  not  good  ;  he  seems  drowsy  and  listless  and  has  lost  flesh  consider- 
ably. There  is  loss  of  power  especially  in  the  hind  limbs  Eyes  normal. 
Cervical  lymphatic  glands  distinctly  enlarged. 
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January  15.  Animal  remains  in  much  the  same  state  but  is  getting 
gradually  weaker.  He  is  always  lying  down  and  is  apparently  too  weak  to 
stand  for  long.  Trypanosomes  have  always  been  seen  in  the  blood  ever 
since  they  first  appeared,  but  never  until  lately  in  anything  but  scanty 
numbers.    Glandular  enlargement  well-marked. 


The  following  table  shows  the  result  of  the  blood-examinations  :— 


Date. 

Parasites  in  Blood. 

Date. 

Parasites  in  Blood. 

Pyro. 

Mai. 

Tryp. 

Pyro. 

Mai. 

Tryp. 

1906. 
July     12  ... 

„       24  ... 
August  4 
Sept.  6 
Oct.       9  ... 
Nov.  4 

1 

1905. 
Dec.     6  ... 

1906. 
Jan.  9 
„     15  ... 
„     20  ... 

1  Ml 

+ 

+ 
+ 
+ 

January  28.    Animal  moribund.    Killed  with  chloroform. 


Post-mortem  examination  at  death.  Heart  and  lungs  normal.  Spleen 
enlarged,  soft  and  congested,  weighs  4  ozs.  Kidneys  normal.  Liver  normal. 
All  the  glands  of  the  body  enlarged,  both  superficial,  deep,  abdominal  and 
mesenteric.  A  blood-film  taken  after  death  did  not  show  trypanosomes 
although  a  Filaria  about  the  same  size  as  Filaria  perstans,  but  with  a  sharply 
pointed  caudal  extremity,  was  present.  This  Filaria  seems  similar  to  that 
found  formerly  in  the  blood  of  monkeys  and  described  in  the  last  Report. 
No  traces  of  an  adult  Filaria  could  be  found.  Brain  appeared  normal  to  the 
naked  eye.  Cerebro-spinal  fluid  not  increased.  Trypanosomes  were 
numerous  in  the  deposit  left  after  centrifuging  some  blood  stained  cerebro- 
spinal fluid.  Emulsions  of  portions  of  the  brain  in  normal  citrate-solution 
showed  trypanosomes  to  be  present  in  scanty  numbers.  Sections  of  the  brain, 
stained  by  ijeishman's  method,  showed  well-marked  small-celled  infiltration 
around  the  blood  vessels.  This  change  was  more  marked  in  the  deeper  parts 
of  the  brain-substance  than  in  the  cortex.    {See  plate  I.) 

Experiment  No.  461.   Cat  (Tame,  Black  and  White). 

July  19,  1905.  Injected  subcutaneously  a  few  drops  of  blood  from 
monkey  No.  351  containing  trypanosomes  in  scanty  numbers. 

August  14.  Trypanosomes  have  appeared  in  the  blood  to-day  for  the  first 
time. 

January  22,  1906.  Animal  remains  in  good  health,  trypanosomes  have 
been  present  in  the  blood  almost  continually  since  their  first  appearance. 


The  following  table  shows  the  results  of  the  blood  examinations  : — 


Parasites 
in  Blood. 

Parasites 
in  Blood. 

Parasites 
in  Blood. 

Date. 

Date. 

Date. 

Trypano- 
somes. 

Trypano- 
somes. 

Trypano- 
somes. 

1905. 
July  19  ... 
„     27  ... 

^2  - 

Aug.    2  ... 
„       4  ... 

"  ::: 

1  1  1  II  1  1  + 

1906. 
Aug.  19  ... 

„     31  ... 
Sept.  11  ... 

„     20  ... 

„     27  ... 
Oct.     7  ... 

„     20  ... 
Nov.    1  ... 

+++I++I 1 

1905. 
Nov.  25  ... 
Deo.   10  ... 
„     27  ... 

1906. 
Jan.     8  ... 
22  ... 

+ 
+ 
+ 

+ 
+ 

PlaUbe.  I. 


:SECTION  OF  BASAL  GANGLIA  OF  BRAIN  OF  DOG  N°  446, 
iSHOWING    MARKED  SMALL-CELLED   INFILTRATION  AROUND 

THE  BLOOD  VESSELS.  THIS  DOG  WAS  INOCULATED 
\WITH     THE    "bUGUNGu"    STRAIN      TO  TRYPANOSOME 

AND     DIED      SEVEN     MONTHS     AFTER  INFECTION. 

ira-wn  -with  comer cu  ba£ijixL   from,  cb  seyCdjon  staxned^  hy  Leiehmxjjis  method, 
Zeiss  16Tn,nn  ApockroTrvatic    obj.  N?  8  ccrrvp.  ocular). 
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ExPERiMKNT  No.  454.   Rat  (Black  and  White). 

July  17,  1905.  Injected  a  few  drops  of  blood,  mixed  with  normal 
solution,  from  guinea-pig  No.  371  (Bugungu)  into  this  rat. 

July  27.    Trypanosomes  first  appeared  in  this  animal's  blood 
They  are  very  scanty  in  number. 

October  24.  There  is  some  weakness  of  the  animal's  hind  limbs 
Trypanosomes  have  not  been  found  in  the  blood  since  August  4. 

November  1.    There  is  very  marked  paralysis  of  both  hind  limbs, 
for  this  the  animal  seems  fairly  well. 

November  15.    Animal  died  this  morning.    The  paralysis  never 
beyond  the  hind  limbs.    During  the  last  few  days  the  animal's  coat 
very  dirty  and  lousy. 

The  following  table  shows  the  result  of  the  blood  examinations  :— 


citrate- 
to-day. 
to-  day. 

Except 

spread 
became 


Date. 


1905. 
July  20 
„  21 
„  23 
„  24 
„  25 
„  27 
„  29 
31 
2 
4 


Aug. 


Trypano- 
somes. 


+ 
+ 
+ 
+ 
+ 


Date. 


Trypano- 
somes. 


Date. 


1905. 
Aug.  6 


14 
19 
21 
23 
27 
1 

I) 
13 


Sept. 


1905. 
Sept.  20 
„  27 


Oot. 


Nov. 


4 
17 
19 
24 

1 

12 
15 


Trypano- 
somes. 


Post-mortem.  Examination  made  about  three  hours  after  death.  Animal 
is  emaciated  ;  covered  with  lice.  Eyes  appear  normal.  No  marked  enlarge- 
ment of  the  superficial  lymphatic  glands.  The  brain  and  spinal  cord  appear 
normal  to  the  naked  eye.  An  emulsion  of  brain-matter  in  normal  citrate- 
solution  shows  numerous  trypanosomes  even  without  centrifuging.  Stained 
films  of  this  emulsion  show  vacuolated  trypanosomes  in  large  numbers. 
Similar  emulsions  of  the  spinal  cord  show  trypanosomes  in  scanty  numbers. 
The  superficial  lymphatic  glands  are  slightly  enlarged.  The  spleen  and  other 
viscera  appear  quite  normal.  Trypanosomes  are  not  present  in  a  blood-film, 
but  have  been  found  in  very  scanty  numbers  after  centrifuging  the  heart's 
blood.  Sections  of  brain  stained  by  Leishman's  method  show  numerous 
trypanosomes  all  through  the  brain-substance.  Trypanosomes  have  not 
been  seen  in  the  blood-vessels  of  the  brain.  A  small-celled  infiltration  is 
evident  around  these  blood-vessels,  more  marked  in  the  deeper  parts  than  in 
the  brain-cortex. 

The  course  of  the  disease,  the  subsequent  paralysis,  the  post-mortem 
appearances  and  the  aspect  oE  the  sections  of  the  brain  in  this  animal  are  in 
every  way  similar  to  what  we  have  found  in  rats  infected  with  the 
trypanosome  of  sleeping  sickness.  Apart  from  other  evidence,  this 
experiment  shows  that  the  Bugungu  trypanosome  is  identical  with  the 
trypanosome  of  sleeping  sickness. 


VIII. —  The  Trypanosome  of  tlie  Jinja.  cattle  disease.  Further 
inoculation  experiments  on  White  Rats,  Guinea-pigs,  Sfc. 
Effect  of  Drugs  on  animals  inoculated  loith  this  parasite. 

In  Report  No.  VI.,  p.  11,  a  good  deal  of  information  Avas 
given  concerning  a  disease  which  had  proved  very  fatal  to  a 
large  herd  of  cattle  in  Usoga.  This  disease  was  found  to  be 
due  to  the  presence  of  a  trypanosome  in  the  blood  of  these  cattle, 
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and  from  experimental  inoculations  with  this  trjpanosome  on  a 
number  o±  different  animals  it  seemed  likely  that  this  trypanosome 
was  either  identical  with  Trypanosoma  Bmcei  or  else  a  very  closely 
allied  species. 

_  In  the  following  tables  we  give  the  results  of  some  further 
inoculation  experiments  which  we  have  conducted  on  white  rats 
and  gumea-pigs. 

White  Rats. — Incubation  period  :  shortest,  4  days  ;  longest, 
8  days  ;  average,  5  days.  Total  length  of  the  disease  from  day 
of  inoculation  to  day  of  death  :  shortest,  10  days ;  longest, 
29  days  ;  average,  20  days. 

Course']  of  the  disease. — Trypanosomes  appear  scantily  in  the 
blood  about  the  fifth  day,  and  from  this  time  forward,  as  a  rule, 
the  parasites  become  more  and  more  numerous  until  at  death 
they  outnumber  the  red  blood  corpuscles.  Sometimes  we  have 
noticed  that  early  in  the  disease  at  about  the  10th  to  the  15th 
day  the  parasites  temporarily  disappear  from  the  blood-stream, 
but  that  in  such  cases  the  trypanosomes  always  reappear  again, 
and  that  then  the  disease  runs  its  normal  course.  Three  of 
these  rats  showed  exhibited  well-marked  corneal  opacity  wnich 
appears  Avithin  a  few  days  of  death.  Two  of  them  showed 
paralysis  of  the  hind  limbs  within  a  day  or  two  of  death.  As  a 
rule,  the  rats  seemed  in  good  health  up  to  48  hours  of  death. 
Death  occurred  somewhat  suddenly  and  was  accompanied  by  con- 
vulsive movements,  and  the  appearance  of  blood-stained  froth 
around  the  mouth. 

The  post-mortem  appearances  were  very  constant.  Hfemor- 
rhages  into  the  substance  of  both  the  lungs  were  present  in  every 
case,  sometimes  extensively.  There  was  no  enlargement  of  the 
lymphatic  glands.  The  spleen  was  considerably  enlarged  in 
every  case.  The  heart  appeared  quite  normal.  In  many  cases 
the  bladder  contained  blood-stained  urine,  and  in  these  cases  the 
kidneys  were  ha^morrhagic. 

Guinea-pigs. — Incubation  period  :  shortest,  6  days  ;  longest, 
19  days  ;  average,  9  days.  Total  length  of  the  disease  :  longest, 
93  days  ;  shortest,  9  days  ;  average,  35  days. 

Course  of  the  disease. — Trypanosomes  having  once  appeared  in 
the  animal's  blood  could  in  every  case  be  found  there  till  death. 
Parasites  were  always  numerous  in  the  blood  and  at  death  were 
invariably  present  in  large  numbers.  Two  of  these  animals 
showed  paralysis  of  the  hind  quarters  shortly  before  death. 
Opacity  of  the  cornea  was  not  observed  in  any  instance.  As 
in  the  case  of  white  rats,  death  often  seemed  to  occur  very 
suddenly. 

The  post-mortem  appearances  consisted  of  hajmorrhages  into 
the  lungs  in  several  cases.    Petechiaj  over  the  surface  of  the 
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heart  were  often  noticed  ;  in  one  case  there  was  marked  peri- 
cardial effusion.  The  spleen  was  always  enlarged  and  generally 
to  a  considerable  extent.  The  superficial  lymphatic  glands  were 
sometimes  slightly  enlarged. 

Table  X. 


Wlute  Mats  inoculated  loith  the  Trypanosnme  of  the  Jinja  cattle  disease. 


Date  of 

No.  of 

Date  of 

appearance  in 

Result. 

Experiment. 

Inoculation. 

Peripheral 

■ 

444 

July    2  ... 

July    6  ... 

Died  July  29.     (27  days.)  Large 

O  MJ.t'^^J-l.•         J  J.  V  IJCbi-Lv'DL/J-LlC'O     D  W  aiA.  Ill  111  pi 

in  the  blood.  Lungs  full  of 
hcSniorrliap'P.s  TTrinp.  Jilnorl 
stained. 

467 

Aug.  10  ... 

^ ug.  IG  ... 

Died  Sent  8  r29  davs  ")  Autonsv 
as  above. 

469 

„   25  ... 

„    31  ... 

Died  Sept.  11.  (17  days.)  Autopsy 
as  above,  but  liver  also  enlarged. 
LvniDhatic  criands  somfiwhat  fin- 

,  larged. 

Died  Sept.  24.  (16  days.)  Autopsy 
as  above. 

475 

Sept.  8  ... 

Sept.  12  ... 

476 

,    11  ... 

J}    10  ■  •  • 

Died  Sept.  28.  (17  days.)  Autopsy 
as  above. 

483 

„    20  ... 

•  •  • 

Died  Oct.  15.  (25  days.)  Autopsy 
as  above,  with  opacity  of  both 

454 

„    20  ... 

•  •  • 

Died  Oct.  15.  (25  days.)  Autopsy 
as  above.    Urine  normal. 

485 

,,    20  ... 

Died  Oct.  7     (11  davs  Antonsv 

486 

as  above.    Eyes  normal. 

„    25  ... 

Sept.  29  ... 

Died  Oct.  10.  fl5  davs  1  Animal 
showed  Daralvsia  of  thphind  limhd 
for  a  day  or  two  before  death. 

487 

„  28... 

Autopsy  as  before. 

Oct.    5  ... 

Died  Oct.  19.  (21  days.)  Showed 
paralysis  of  hinder  extremities 
befoie  death.  Trypanosomes 
swarmed  in  the  blood  at  death. 
Spleen  very  large.  Glands  slightly 
enlarged.  Lungs  show  numerous 
hajmorrhages.  Eyes  normal. 
Urine  not  blood-stained. 

495. 

Oct.    4  ... 

„     9  ... 

Died  Oct.  29.  (25  days.)  Autopsy 
as  above.   Opacity  of  right  cornea. 

501 

12  ... 

No  paralysis  before  death. 

„     7  ... 

Died  Oct.  30.  (23  days.)  Autopsy. 
Eyes  normal,  otherwise  as  above. 

•515 

No  paralysis. 

„    29  ... 

Died  Nov.  8.  (10  days.)  Autopsy 
as  above.  Liver  also  larger  than 
normal.  Urine  blood  stained. 
Eyes  normal.    No  paralysis. 

Table  XT. 

Guinea-pigs  inoculated  loith  the  Trypanosome  of  the  Jinja  cattle  disease. 


No.  of 
Experiment. 


Date  of 
Inoculation; 


401 

402 

426 
427 


„  15. 

May  7. 

June  J  8., 

„  18., 


435  „  21. 


465 


488 


July  29. 


Sept  28. 


Date  of 
appearance  in 
Peripheral 
Blood. 


329 

Nov.  22... 

338 

Dec.  4... 

337 

„  4... 

366 

Jan.  12... 

367 

„  12... 

388 

March  28... 

400 

April  15... 

Besult. 


Nov.  29  ... 
(7  days.) 

Dec.  14  ... 

(10  days.) 
Dec.  14  ... 

(10  days.) 
Jan.  20  ... 

(8  days.) 
Jan.  20  ... 

(8  days.) 
April  4  ... 

(7  days.) 
April  27  ... 

(12  days.) 


May  3 
(18  days.) 

May  13  ... 

^6  days.) 

July  1  ... 
(13  days.) 
June  24  ... 
(6  days.) 

July  1  ... 

(7  days.) 
Aug.  6  ... 

(8  days.) 

Oct.  9  ... 
(11  days.) 


Died  on  Dec.  24.  Swarming  with 
parasites.  Haemorrhages  into 
lungs.    Spleen  slightly  enlarged. 

Died  Jan.  7,  as  above. 

I)  T)    25  „ 

))  )i    27  „ 

„  Feb.  9  „ 

„  May  7 

Died  July  29.  Paralysis  of  hind 
limbs.  Trypanosomes  swarming 
in  the  blood.  Spleen  much  en- 
larged. 

Died  May  28.  Paresis  of  hind 
quarters.  Spleen  only  slightly 
enlarged.    Lungs  hsemorrhagic. 

Died  J une  12.  Swarming  with  try- 
panosomes. Spleen  slightly  en- 
larged.   Lungs  haBmorrhagic. 

Died  July  19.  Spleen  enlarged. 
Trypanosomes  very  numerous. 

Died  July  6.  Spleen  slightly 
enlarged.  Trypanosomes  very 
numerous. 

Died  July  3.  Spleen  not  enlarged. 
Trypanosomes  very  numerous. 

Died  August  25.  Spleen  slightly 
enlarged.  Trypanosomes  very 
numerous. 

Died  November  5.  Spleen  enlarged. 


Monkeys. — Incubation  period  :  shortest,  4  days  ;  longest, 
10  days  ;  average,  6  days. 

Total  length  of  the  disease  from  day  of  inoculation  to  day  of 
death  :  shortest,  28  days ;  longest,  86  days    average,  56  days. 

Course  of  the  disease. — The  appearance  of  the  trypanosomes  in 
the  blood  about  the  sixth  day  is  marked  by  a  sharp  rise  of 
temperature.  Trypanosomes  are  always  to  be  found  in  the 
blood  from  this  time  onvpards,  and  are  often  numerous.  For  the 
first  month  or  so  the  temperature  chart  shows  sharp  elevations 
every  few  days.  About  a  month  before  death  marked  daily 
variations  of  temperature  begin  to  occur,  and  become  more  and 
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mor6  marked.  Trypanosomes  are  numerous  in  the  blood  at 
death.  We  have  never  observed  any  symptoms  of  paralysis  or 
eye  changes  in  such  monkeys. 

On  post-mortem  examination  the  lungs  often  show  small 
hasmorrhages,  petechial  hasmorrhages  are  found  on  the  heart, 
the  abdominal  lymphatic  glands  are  generally  enlarged,  the  liver 
was  often  found  to  be  fatty,  and  the  spleen  was  always  con- 
siderably larger  than  normal. 

The  following  table  shows  the  results  of  inoculating  six  monkeys 
with  this  trypanosome  : — 

Table  XII. 


Monkeys  Inoculated  loiih  the  "  Jinja  "  Cattle  Trypanosomes. 


No.  of 
Animal. 

Date  of 
Inoculation. 

Date  of 
appearance  in 
Blood. 

B.esult. 

317 

Sept.   4  ... 

Sept.  11  ... 

Died  Nov.  22.  Trypanosomes  always 
iiuLutJiouo  ill  uiuuLi.  opieeu  duci 
abdominal  glands  enlargred.  Pe- 
techial hemorrhages  in  lungs, 
heart,  and  stomach. 

322 

Oct.  26  ... 

Nov.    1  ... 

Died  Nov.  23.  Trypanosomes  always 
numerous.  Spleen  somewhat  en- 
larged. Other  viscera  very  anEemic. 

344 

Dec.  11  ... 

Dec.  16  ... 

Died  Jan.  12.  Trypanosomes  always 
numerous.  Spleen  enlarged.  Liver 
shows  points  of  pus  all  through 
its  substance.  Small  abscess  size 
of  cherry  between  liver  and  right 
kidney.     Mesenteric  glands  en- 

384 

Feb.  22  ... 

larged. 

March  4  ... 

Died  May  19.  Trypanosomes  always 
very  numerous.  Organs  anaemic. 
Petechias  on  heart.  Spleen  marked- 

335 

ly  enlarged. 

Dec.    4  ... 

Dec.  16  ... 

Died  Jan.  25.  Trypanosomes  always 
present  in  the  blood. 

330 

Nov.  23  ... 

Nov.  27  ... 

A  large  dose  of  arsenic  caused  try- 
panosomes to  disappear,  and  cured 
the  animal. 

The  effect  of  Drugs  upon  Monkeys  suffering  from  the  "  Jinja  " 

Cattle  Trypanosome. 

We  have  already  shown  that  the  "  Jinja  "  cattle  trypanosome 
is  always  fatal  to  monkeys,  and  that  during  the  course  of  the 
disease  in  these  animals  the  trypanosomes  are  constantly  present 
in  the  animal's  blood  in  considerable  numbers.  We  have  tried 
arsenic  and  trypanroth  on  a  few  monkeys  infected  with  this 
trypanosome  with  the  view  of  ascertaining  whether  these  drugs 
can  in  any  way  modify  the  course  of  the  disease. 


H 

Arsrn/c.—(l.)  As  a  curative  ajrent.  We  have  tried  this  drug 
on  two  monkeys  infected  with  this  trypanosome.  In  the  first 
case  a  maximum  dose  of  arsenic  was  injected  into  the  animal 
four  days  after  the  trypanosomes  had  first  appeared  in  the  blood, 
with  the  result  that  the  animal  was  cured  and  was  well  4^  months 
after  the  arsenic  had  been  given,  trypanosomes  never  having 
reappeared  in  the  blood.  A  second  infected  monkey  was  given 
a  similar  dose  of  arsenic  after  trypanosomes  had  been  present  in 
the  animal's  blood  for  12  days,  but  in  this  case  the  parasites 
reappeared  in  the  blood,  and  the  animal  died  2^  months  after 
infection. 

(2.)  As  a  prophylactic.  We  found  arsenic  quite  useless  in 
this  respect.  A  maximum  dose  of  it  given  24  hours  before 
inoculating  the  animal  Avith  this  trypanosome  only  doubled  the 
length  of  the  incubation  period  of  the  disease. 

Trijpanroth. — A  maximum  dose  of  this  drug  injected  into  a 
monkey  infected  with  this  trypanosome  had  the  effect  of  causing 
the  parasites  to  disappear  for  four  days  only.  The  disease  ran 
its  usual  fatal  course. 

A  monkey  was  inoculated  with  this  trypanosome  48  hours 
after  it  had  been  given  a  maximum  dose  of  trypanroth.  This 
previous  dose  of  trypanroth  had  no  power  to  protect  the  animal 
against  the  disease  ;  trypanosomes  appeared  in  the  blood  at  the 
usual  time,  and  the  disease  terminated  fatally  as  usual. 


Experiment  No.  330.   Monkey  {Cercopithecus  sp.).  Weight, 
4-98  Kilogrammes. 

November  23.  Inject  one  cubic  centimetre  of  blood  containing  trypano- 
somes from  the  heart  of  monkey  317,  obtained  poat-mortem.  (Monkey  317 
died  in  three  months  from  the  "  Jinja"  cattle  disease.) 

November  27.  Trypanosomes  present  in  the  blood  to-day.  Tempera- 
ture 107°. 

November  30.  Trypanosomes  present  in  the  blood  in  very  large  numbers. 
Temperature  106°.  Inject  arsenic  12  milligi-ammes,  equivalent  to  1  milli- 
gramme per  400  grammes  monkey.  Animal's  blood  examined  2h  hours 
after  the  injection.  No  living  trypanosomes  can  be  found  in  the  blood.  A 
blood-film  shows  a  very  few  parasites.  4.30  p.m.  (seven  hours  after  the 
arsenic)  ;  temperature  101°.  Blood  examined  ;  trypanosomes  absent. 
Animal  sits  in  a  doubled-up  posture,  refuses  food. 

December  1.  Animal  still  seems  sick.  Diarrhoja  present.  Marked  thirst, 
refuses  food.    Trypanosomes  absent  from  a  blood-film. 

December  5.  Animal  seems  to  have  recovered  from  the  arsenic 
Trypanosomes  absent  from  blood. 

March  1.  Animal's  blood  has  been  examined  regularly  once  a  week  for 
the  last  three  months,  Trypanosomes  have  never  been  found.  Animal  is 
thin,  but  otherwise  is  in  good  health.  The  temperature  has  remained 
generally  about  normal. 
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April  G.  Trypanosomes  have  now  been  absent  from  the  blood  for  more 
than  four  months.  Animal  is  getting  very  thin  and  beginning  to  show  a 
swinwin"  temperature.  Reinject  1  cubic  centimetre  of  blood  taken  from 
monkey''384  containing  the  "  Jinja  "  trypanosomo  in  large  numbers. 

April  14  Trypanosomes  have  again  appeared  in  the  blood  to-day,  eight 
days  after  the  second  inoculation. 

April  16.    Animal  very  sick,  lies  on  its  side,  eats  very  little. 

The  foUowiug  table  shows  the  presence  or  absence  of  trypanosomes  in  the 
blood  : — 


Date. 

Parasites  in 
Blood. 

AsjO,. 
12  Milli- 
grammes. 

Date. 

Parasites  in 
Blood. 

As,0,. 

12  Mnii- 

grammes. 

Mai. 

Tryp. 

Mai: 

Tryp. 

Nov.    2.5  ... 

+ 

Jan.      fi  ... 

+ 

„      27  ... 

+ 

+ 

„  17... 

+ 

„      30  ... 

+ 

+ 

12 

„      24  ... 

+ 

(.10  a.m.) 

„    m ... 

+ 

Nov.    30  ... 

+ 

Feb.      8  ... 

+ 

(12  noon.) 

„  14... 

+ 

Dec.      1  .. 

+ 

„      21  ... 

+ 

„       7  ... 

+ 

March  1  ... 

+ 

„      11  ... 

+ 

„      8  ... 

+ 

„      18  ... 

+ 

„  17... 

„      23  ... 
,,      30  .. 

+ 

„     28  ... 

+ 

April    6  ... 

—  (reinoculated). 

„      14  ... 

+ 

Experiment  No.  361.   Monkey  {Cercopithecus  sp.). 

To  note  the  efEect  of  a  single  large  dose  of  arsenic  on  a  monkey  infected 
with  the  trypanosome  of  the  "Jinja"  cattle  disease. 

March  18.  Weight  of  monkey  2-381  kilogrammes.  Blood  examined  and 
found  to  contain  malaria  but  no  other  parasite. 

March  28.  Animal's  temperature  has  been  taken  night  and  morning  for 
the  last  ten  days  and  has  been  found  to  be  normal.  Inoculate  monkey  with 
the  "  Jinja  ''  trypanosome,  by  injecting  a  few  drops  of  blood  from  monkey 
384,  in  which  the  parasites  are  active  and  numerous. 

April  3.  Temperature  has  suddenly  run  up  to  108°.  Trypanosomes  are 
numerous  in  the  blood  to-day,  six  days  after  inoculation. 

April  15.  Trypanosomes  have  now  been  constantly  present  in  the  blood 
for  ten  days.  G-ive  arsanic  6  millioraoimes,  equivalent  to  1  milligramme 
arsenic  per  400  grammes  monkey.  Trypanosomes  disappeared  from  the 
blood  in  2^  hours. 

April  16.    Animal  not  much  the  worse  for  the  arsenic. 

May  3.  Trypanosomes  have  again  appeared  in  the  blood  to-day  (19  days 
after  arsenic). 

May  25.  Animal  died  in  the  night,  during  a  heavy  storm.  The  monkey 
had  been  getting  steivdily  thinner  and  showed  a  swinging  temperature  for  the 
Ijist  fortnight. 
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The  following  table  showa  the  result  of  the  blood  examinations 


Date. 


Parasites  in  Blood. 


PiJ. 


Mai. 


Tryp. 


March  28 
April  3 
„  10 


15  (10.45  a.m.)  ... 
„  (11.45  „  )... 
„  (12.45  p.m.) ... 
(  1.15    „  )... 


May 


19 
21 
28 

5 
14 

25 


+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 


+ 
+ 
+ 
+ 
+ 


+ 
+ 
+ 
+ 


AsoOj,  6  milligrammes. 
Trypanosomes  very  scanty. 


Autopsy. 


Autopsy  made  about  eight  hours  after  death.  Trypanosomes  numerous 
and  active  m  the  hearts  blood.  Animal  thin.  No  glandular  enlargement. 
Eyes  normal.  Spleen  enlarged  to  about  three  times  the  normal  size.  Smears 
of  spleen  show  numerous  trypanosomes.    Other  organs  apparently  healthy. 

It  is  interesting  to  compare  this  experiment  with  experiment  330  The 
two  animals  were  given  exactly  similar  doses  of  arsenic,  viz.,  1  milligramme 
of  arsenic  per  400  grammes  weight  of  monkey.  In  experiment  330  the  drug 
was  given  four  days  after  the  first  appearance  of  the  trypanosome  in  the 
blood,  with  the  result  that  the  animal  was  cured.  In  the  present  experiment 
the  arsenic  was  given  12  days  after  the  first  appearance  of  the  parasite,  with 
the  result  that  the  trypanosomes  only  disappeared  for  a  time,  reappearing 
again  19  days  after  the  drug  had  been  administered. 


Experiment  No.  335.     Monkey  (Cercopithecics  sp.).  Weight, 

1-247  Kilogrammes. 

To  note  the  effect  of  arsenic  as  a  prophylactic  in  the  case  of  the  "  Jinia  " 
trypanosomes. 

December  3  (2  p.m.).  Examine  blood.  Trypanosomes  are  absent. 
Malaria  present.  Give  arsenic  5  milligrammes  (equivalent  to  1  milligramme 
arsenic  per  250  grammes  monkey). 

December  4  (10  a.m.).  Animal  seems  sick,  has  been  much  purged  in  the 
night.  Inoculate  it  with  "  Jinja"  trypanosome,  by  injecting  a  few  drops 
of  blood  from  gumea-pig  329,  in  which  the  parasites  are  very  numerous. 

December  16.  Temperature  107°.  Trypanosomes  are  present  in  the 
blood  to-day  for  the  first  time  (12  days  after  inoculation).  Up  to  to-day, 
animal's  blood  had  been  examined  every  other  day,  but  always  with  a 
negative  result. 


Date. 


Parasites  in  Blood. 


Mai. 


Tryp. 


Deo.  3  ... 

„      4  ... 

„     11  ... 

„     16  ... 

„     19  ... 


ASjOj  in 
milligrammes. 


Inoculate  with  trypanosomes  ("  Jinja  "). 


+ 
+ 
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Experiment  No.  339.     Monkey  (^Cercopithecus  sp.).  Weight, 

1-4G0  Kilogrammes. 

CoNTEOL  ON  Experiment  335. 

December  4.  Examine  blood.  Trypanosomes  are  absent.  Malaria 
present.  Inoculate  monkey  with  "  Jinja  "  trypanosome,  by  injecting  a  few 
drops  of  blood  from  guinea-pig  329,  in  which  the  parasites  are  very 
numerous. 

December  7.    Blood  examined.    Trypanosome  absent.    Malaria  present. 

December  8.  Temperature  106'4°.  Trypanosomes  are  present  in  the 
blood  to-day  for  the  first  time  (four  days  after  inoculation). 

Remarhs. — The  above  experiments  show  that  even  a  maximum  dose  of 
arsenic  given  to  a  monkey  twenty  hours  before  he  is  inoculated  with  the 
trypanosome  of  the  "  Jinja  "  cattle  disease,  is  powerless  to  protect  the  animal 
against  infection,  although  it  has  the  effect  of  considerably  lengthening  the 
incubation  period  of  the  disease. 


Experiment  No.  317,   Monkey  {Cercopithecus  sp.).  Weight, 
1-5  Kilogrammes. 

To  note  the  effect  of  subcutaneous  injection  of  a  solution  of  trypanroth 
in  a  monkey  suffering  from  the  parasite  of  the  "  Jinja  "  cattle  disease. 

September  4.  Examine  blood-film.  Trypanosomes  are  absent.  Inoculate 
monkey  with  1'5  cubic  centimetre  blood  from  monkey  No.  315,  containing 
"numerous  trypanosomes. 

September  11.  Trypanosomes  are  present  in  the  blood  to-day  for  the 
first  time  (seven  days  after  inoculation).    Temperature,  105-6°. 

October  26.  Trypanosomes  have  been  constantly  present  in  the  animal's 
blood  for  the  last  six  weeks.  Injected  10  cubic  centimetres  of  1  per  cent, 
solution  of  trypanroth  at  12.30  p.m. 

November  1.   Trypanosomes  have  reappeared  in  the  animal's  blood  to-day. 

November  19.  Animal  died  to-day.  Trypanosomes  have  been  present  in 
the  blood  in  increasing  numbers  since  November  1 . 

The  following  table  shows  the  result  of  the  blood  examinations  and  the 
result  of  this  injection  on  the  trypanosomes  : — 


Date. 


Parasites  in  Blood. 


Mai. 


Tryp. 


No.  of 
Trypanosomes 
per  c.  miUi- 
gram. 


Sept. 


Oct. 


Nov. 


9 

n 

15 
21 
22 
80 
7 
14 
21 
2G 
27 
28 
29 
31 
1 
2 
4 
7 
14 
19 


+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 


+ 
+ 
+ 
+ 
+ 
+ 


Leucocytes 
per  c.  milli- 
gram. 


11,250 
400 


30 
280 
1,020 
7,000 


15,000 
40,600 
31,200 
29,600 
18,700 
12,000 
9,300 
17,000 
13,000 
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Experiment  No.  320.    Monkey  (CercopithecuH  sp.).  Weight, 

2'51  Kir.OGRAMMES. 

To  note  the'  effect  of  trypanroth  (Ehrlich)  on  a  monkey,  and  further  to 
note  whether  this  drug  has  any  prophylactic  effect  against  infection  with  the 
"  Jinja"  cattle  disease. 

October  26.  Inject  subcutaneously  20  cubic  centimetres  of  a  1  per  cent, 
solution  of  trypanroth. 

October  27.  Animal  shows  some  subcutaneous  pigmentation.  General 
health  is  good. 

October  28.    Subcutaneous  pigmentation  very  marked  indeed. 

December  2.  There  is  still  a  trace  of  pigmentation  to  be  seen.  The  drug 
does  not  seem  to  have  affected  the  animal's  health  in  any  way.  Some 
thickening  can  be  felt  at  the  seat  of  inoculation.  Inject  subcutaneously  a 
further  dose  of  25  cubic  centimetres  of  1  per  cent,  trypanroth. 

December  4.  There  is  very  intense  pigmentation  present.  Inoculate  the 
animal  with  the  "Jinja"  trypanosome  by  injecting  a  few  drops  of  blood 
from  guinea  pig  329,  which  contains  trypanosomes  ia  large  numbers. 

December  14.  Trypanosomes  are  present  in  the  animal's  blood  to  day. 
Animal's  temperature  has  risen  suddenly  to  105'6°. 

Remarka. — These  two  experiments  show  that  a  large  single  dose  of  try- 
panroth simply  causes  a  very  temporary  disappearance  of  the  parasites  from 
the  blood  in  the  case  of  an  animal  infected  with  the  trypanosome  of  the 
"  Jinja "  cattle  disease,  and  that  a  similar  large  dose  of  trypanroth  given 
48  hours  before  inoculating  an  animal  with  this  disease  has  no  prophylactic 
effect. 


17.  REPORT  ON  EXPERIMENTS  TO  ASCERTAIN 
THE  ABILITY  OF  TSETSE  FLIES  TO 
CONVEY  TRYPANOSOMA  GAMBIENSE  irom 
Infected  to  Clean  Monkeys,  and  on  an  Intra-Corpus- 
cular  Stage  of  the  Trypanosoma. 

By  Philip  H.  Ross,  M.R.C.S.,  L.R.C.P.  Lond.,  D.P.H. 

(Camb.). 

Between  the  months  of  July  and  December,  1904,  two  experi- 
ments were  Carried  out,  to  see  whether  the  Tsetse  flies  found 
near  Kibwezi  are  able  to  convey  the  Trypanosoma  gumhiense  from 
an  infected  to  a  clean  monkey.  The  first  of  these  experiments 
was  made  with  Glossina  fusca,  the  interval  between  feeding  on 
infected  and  clean  monkey  being  eight  hours.  The  second 
experiment  was  with  Glossina  pallidipes,  the  interval  in  this  case 
being  24  hours. 

At  first,  before  the  experiments  could  be  begun,  continual 
delays  arose  from  vwoiis  causes,  of  which  the  most  impovtant 
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and  the  one  which  led  to  the  longest  delaj  was  the  fact  that  all 
the  monkeys  sent  me  for  experimental  purposes  were  in  various 
stages  of  Piroplasmosis.  This  has  already  been  the  subject  of  a 
note  in  the  Journal  of  Hygiene  (vol.  V.,  No.  1,  January,  1905). 
In  all  cases  the  monkeys  were  kept  in  fly-proof  cages  onwards 
from  their  arrival.  When  at  last  the  temperature  of  the  monkeys 
had  become  nearly  normal  experiments  were  started  and  were 
carried  out  in  the  following  manner  : — 

The  flies  were  caught  at  Kibwezi  by  boys,  who  put  them  in 
boxes  and  sent  them  by  rail,  at  first  to  Makindu,  latterly  to 
Nairobi.  On  arrival,  each  fly  was  caught  separately  in  a 
specimen  glass  and  examined  to  decide  to  which  species  it 
belonged.  Almost  always  only  Glossina  fu&ca  and  Glossina 
pallidipes  were  found ;  very  rarely  Glossina  longipennis  was 
caught.  Each  species  was  put  in  a  separate  box  and  fed  at  once 
OH  a  monkey  (called  hereafter  the  "  fresh-fly  monkey  ").  A 
separate  fresh-fly  monkey  was  used  for  each  species  of  fly. 

I  had  originally  intended  to  carry  out  the  experiments  as  they 
had  been  done  at  the  laboratory  at  Entebbe,  with  the  addition  of 
controls ;  but  at  Lieut.-Colonel  Will's  suggestion,  the  flies,  after 
their  first  feed  on  the  fresh-fly  monkey,  were  starved  for  four  days. 
It  was  found  that  if  the  period  of  starvation  were  prolonged 
beyond  four  days,  very  few  flies  survived.    At  the  end  of  four 
days  the  flies  were  divided  into  two  lots,  one  of  which  was  used 
for  the  experiment,  the  other  for  a  control.    The  flies  for  the 
experiment  were  now  fed  on  the  infected  monkey,  and  after  the 
proper  interval,  fed  again  on  the  clean  monkey.    The  control 
consisted  in  taking  the  other  box  of  flies  and  feeding  them  twice 
on  the  control  monkey  at  the  same  intervals.    These  flies,  there- 
fore, were  fed  at  the  same  time  and  as  often  as  the  flies  in  the 
actual  experiment,  and   so,  as  long  as   the   control  monkey 
remained  uninfected,  gave  some  guarantee  that  the  inital  starva- 
tion had  been  sufficient  to  prevent  them  from  conveying  any 
Trypanosoma  with  which  they,  might  have  been  infected  before 
capture.    The  experimental  and  control  monkeys  were  of  course 
the  same  throughout  the  experiment,  though  at  first  several  ex- 
periments were  abortive  through  the  death  of  one  or  other  of 
the  monkeys.    The  infected  monkey  had  to  be  replaced  several 
times  in  the  Glossina  fusca  experiment,  but  in  the  case  of 
Glossina  pallidipes,  one  monkey  lasted  till  the  experiment  came 
to  an  end  through  lack  of  flies. 

The  infected  monkeys  came  from  Entebbe  at  the  beginning  of 
May.  They  had  all  been  injected  with  cerebro-spinal  fluid  from 
cases  of  sleeping  sickness,  such  fluid  showing  many  active  Try- 
panosomata.  Of  the  four  monkeys  sent,  one  proved  to  be 
uninfected,  but  was  infected  at  Makindu  from  one  of  the  other 
monkeys.  The  strain  was  kept  up  by  injecting  fresh  monkeys 
with  a  drop  or  two  of  blood  from  the  finger  of  one  or  other  of 
these  three  monkeys, 
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Experiment  No.  1. 

To  see  whether  the  Glossina  fusca  can  convey  the  Trypanosoma 
gamlnense  from  an  infected  to  a  clean  monkey  when  fed  on  the 
clean  monkey  eight  hours  after  feeding  in  the  infected  monkey. 

In  this  experiment  Monkey  No,  9  was  used  throughout  as 
fresh-fly  monkey.  Between  July  1  and  November  20,  348 
files  were  fed  on  this  monkey,  but  it  never  became  infected  and 
IS  still  healthy.  Five  infected  monkeys  were  used,  Nos.  2,  12, 
4,  28,  and  27.  '  >  > 

Between  July  18  and  November  28,  Monkey  No.  13  had  368 
flies  fed  on  it,  eight  hours  after  feeding  on  the  infected  monkey. 
It  never  showed  Trypanosomata  in  its  blood  until  its  death  on 
November  28,  nor  were  any  signs  of  trypanosomiasis  found  on 
post-mortem.  It  apparently  died  of  piroplasmosis,  as  did  many 
other  monkeys  coming  from  the  same  place.  , 

Monkey  No.  11  was  used  as  control,  and  had  761  flies  fed  on 
it  between  July  5  and  December  5.  It  has  never  shown  Try- 
panosomata in  its  blood  nor  any  sign  o£  trypanosomiasis.  This 
experiment  was  ended  by  death  of  clean  monkey. 

Experiment  No.  2. 

To  see  whether  the  Glossina  pallidipes  can  convey  the  Try- 
panosoma gamlnense  from  an  infected  to  a  clean  monkey  when  fed 
on  the  clean  monkey  24  hours  after  feeding  on  the  infected 
monkey. 

Fresh-fly  Monkey  No.  22  had  '  85  flies  fed  on  it  between 
September  11  and  November  10.  Trypanosomata  were  found  in 
the  blood  on  November  20,  seven  days  after  feeding  had  been 
begun.  The  monkey  died  on  November  29,  and  shewed  no 
macroscopic  lesion  on  a  post-mortem  examination. 

Infected  Monkey  No.  24  had  296  flies  fed  on  it  between 
September  15  and  December  10. 

Between  September  15  and  December  5,  clean  Monkey  No.  29 
had  205  flies  fed  on  it  24  hours  after  feeding  on  the  infected 
monkey.  It  has  never  shewn  Trypanosomata  in  its  blood  nor 
any  sign  of  trypanosomiasis,  and  is  still  healthy. 

Control  Monkey  No.  28  had  257  flies  fed  on  it  between 
September  14  and  November  17.  It  has  never  shewn  Trypano- 
somata in  its  blood  nor  any  sign  of  trypanosomiasis,  and  is  still 
healthy. 

This  experiment  was  ended  by  the  infection  and  death  of  the 
fresh-fly  monkey ;  no  other  being  available  to  replace  it. 
Throughout  the  experiments  a  routine  weekly  examination  of 
the  blood  was  made. 

There  is  not  sufficient  material  in  these  experiments  to  come  to 
any  definite  conclusions.     The  results  in  the  Glossina  fusca 
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experiment  were  entirely  negative,  and  I  am  inclined  to  think  that 
probably  this  fly  does  not  convey  any  species  of  Trypanosoma. 
Whereas  in  the  second  experiment  85  flies  fed  over  60  days  resulted 
in  Trypanosomata  being  found  in  the  blood  on  the  seventieth  day, 
in  this  case  348  flies  feeding  over  five  months  and  three  weeks 
did  not  result  in  infection,  although  these  flies  came  from  the 
same  noted  fly  belt  as  the  Glossina  pallidipes. 

From  the  second  experiment  it  is  evident  that  the  Glossina 
pallidipes  can  convey  a  Trypanosoma  when  fed  on  a  monkey  at 
least  16  to  18  hours  after  it  could  possibly  have  fed  last.  It  is 
true  that  it  did  not  succeed  in  conveying  the  TfypanosoTncn 
gambiense  under  the  conditions  of  the  experiment,  but  that  by 
no  means  proves  that  it  could  not  do  so  in  Nature. 

Round  the  shores  of  Lake  Victoria,  the  Glossina  paljmlis  is 
abundant  and  it  is  presumably  this  fly  that  there  conveys  the 
Trypanosomata  of  cattle,  donkeys,  &c.  (e.g.  the  "  Jinja  "  Try- 
panosoma of  the  Royal  Society's  Reports).  But  this  fly  also 
conveys  the  Trypanosoma  gambiense.  At  Kibwezi  there  is  the 
Glossina  pallidipes  which  has  shown  itself  capable  of  conveying 
a  Trypanosoma,  and  from  the  analogy  of  the  Glossina  palpalis  in 
Uganda,  it  seems  probable  that  the  Kibwezi  fly  {Glossina 
pallidipes)  will  also  be  shown  to  be  able  to  convey  the 
Trypanosoma  gambiense. 

The  results  of  the  fresh-fly  experiments  make  me  inclined  to 
think  that  there  must  be  something  more  than  direct  transference 
with  a  soiled  proboscis  and  that  the  mere  number  of  flies  feeding 
cannot  be  of  the  first  importance.  But  there  are  also  objections 
to  the  theory  of  a  developmental  phase  in  the  fly  corresponding 
to  that  of  naalaria  in  the  mosquito.  For  I  have  had  flies  which, 
surviving  in  their  boxes  for  weeks,  were  fed  regularly  during 
that  time  on  blood  rich  in  Trypanosomata,  and  yet  they  have 
never  conveyed  the  parasite.  It  is  as  difficult  to  see  why,  given 
a  developmental  phase,  these  flies  did  not  convey  the  disease,  as 
It  is  to  see  why  they  failed,  if  it  be  only  a  case  of  direct  trans- 
ference.  There  is  another  possibility  and  that  is  that  there  may 
be  ai;i  hereditary  transmission  from  parent  fly  to  ofispring.  I 
have  never  been  able  to  get  larva?  from  either  Glossina  fusca 
or  Glossina  pallidipes,  so  have  not  been  able  to  work  at  the 
question  ;  but  in  the  light  of  Schaudinn's  work  it  would  seem  to 
be  worth  trying,  and  if  I  can  get  the  larv£e  I  hope  to  be  able  to 
carry  out  some  experiments. 

Having  in  view  Schaudinn'd  work,  I  gave  up  using  a  low 
power  when  searching  microscopically  for  Trypanosomata  and 
used  the  oil-immcrsion  entirely.  But  I  have  never  seen  any  sio-n 
of  an  intracorpuscular  stage  of  the  Trypanosoma.  On  several 
occasions  I  have  examined  the  blood  of  infected  monkeys  at 
mtervals  during  the  night,  but  have  found  the  same  results  as 
wlien  examined  by  day.  There  does  not  appear  to  be  any 
mcrease  in  number  nor  could  I  find  intracorpuscular  forms. 
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_  I  had  at  one  time  some  monkeys  whose  blood  showed  a  marked 
intection  with  Plasmodium  Kocki.  In  a  fresh  specimen,  flagel- 
lation occurred  almost  before  one  could  get  the  lens  focussed.  I 
also  examined  the  blood  of  these  monkeys  at  intervals  during 
the  night,  in  the  hopes  of  finding  a  Trypanosoma  form.  But  the 
results  were  as  negative  as  were  those  of  the  Trypanosoma  gam- 
biense  m  the  opposite  direction. 

A/r^^^^^^^^        kindness  of  Mr.  Orloff  (Assistant  Sm-geon  at 
Makindu)  Colonel  Bailey  and  Mr.  Percival  (Game  Ranger),  I 
have  been  able  to  examine  blood-shdes  from  a  fair  number 
of  animals.    Most  of  the   slides  have  of  course   been  quite 
negative,  but  there  are  some  results  which  are  worth  recording. 
(1.)  Blood  of  Mpala,  shot  and  slide  taken  by  Mr.  Orloff. 
In  this  slide  I  found  intracorpuscular  bodies  re- 
sembling in  shape  a  mature  Proteosoma,  but  showing 
no  pigment.    They  stained  blue  with  Leishman's,  and 
showed  small  chromatin  dots  scattered  throughout. 
The  bodies  were  fairly  numerous  and  a  few  were 
found  free,  presumably  from  damage  to  the  blood- 
cells  in  spreading  the  film.    Besides  these  bodies, 
there  were  a  very  few  Spirillum-like  bodies.  These 
were  about  18  /x  long,  sharply  pointed  at  both  ends, 
but  considerably  thicker  (1/*)  than  the  human  Spirilla. 
Whether  there  was  any  connection  between  the  two 
parasites  in  this  animal  I  am  unable  to  say,  but  the 
results  in  the  two  cases  following  seem  to  render  it 
unlikely. 

(2.)  Blood  of  Coke's  Hartebeest ;  shot  and  slide  taken  by 
Mr.  Percival.  In  this  I  found  the  Spirillum-like 
bodies  as  described  above,  considerably  more  numerous 
than  in  the  former  case,  but  still  scanty.  Prolonged 
search  failed  to  show  any  intracorpuscular  bodies. 

(3.)  Blood  of  Thomson's  Gazelle,  shot  and  slide  taken  by 
Colonel  Bailey.  Here  again  I  found  the  Spirillum 
as  above,  but  could  detect  no  intracorj^uscular  bodies. 

(4.)  Blood  of  Zebra.  Shdes  taken  by  Mr.  Stordy,  Chief 
Veterinary  Ofl!icer.  The  zebras  were  dying  on 
Colonel  Bailey's  zebra  farm  at  Athi  river,  from 
Strongylus  armatus.  In  one  of  the  slides  brought  to 
me  by  Mr.  Stordy  I  found  Piroplasmata  simrlar  in 
appearance  to  the  parasite  of  African  Coast  Fever. 
This  may  prove  of  importance  if  it  can  be  shown 
that  the  game  is  the  source  of  infection  of  the 
various  Piroplasmoses  of  which  this  country  is  full. 
But  the  difficulties  in  the  way  of  experiments  in  this 
direction  are  very  great. 

The  Flies.  Both  Glossina  fusca  and  Glossina  pallidlpes  were 
caught  near  KibAvezi  Station. "  The  country  there  is  hilly,  much 
of  it  covered  with  dense  bush.    The  Kibwe^i  river  rises  in 
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springs  near  tlie  station  and  runs  down  the  bottom  of  the  valley. 
The  Glossina  pallidipes  was  caught  on  the  edo-e  of  the  bush  or 
in  open  spaces  where  animals,  chiefly  goats,  were  grazing,  but 
never  at  any  great  distance  from  the  water.    There  seems  to  be 
a  marked  seasonal  prevalence  in  this  fly  ;  until  towards  the  end 
of  August  hardly  a  specimen  of  it  was  caught,  but  from  August 
to  November  more  flies  of  this  variety  than  of  Glossina  fusca 
were  caught.    This  period  is  the  driest  season  of  the  year.  "  This 
fly  {(rlossina  pallidipes)  has  a  very  wide  distribution  in  this 
coiuitry  and  seems  to  extend  along  a  great  part  of  the  Athi  and 
Kiboko  rivers.    Major  Pope  Hennessy  has  sent  me  specimens 
trom  the  Crosha  forest  in  Jubaland. 

In  contrast  to  the  habits  of  the  Glossina  pallidipes  ?,yq  those 
V  t  1  ^i^*^"*"  /"^^«-  This  fly  can  be  most  easily  found  on  the 
slightly  damp  black  cotton  soil  between  the  boulders  on  the 
hill-side.  The  Glossina  pallidipes  attacks  as  soon  as  one  gets 
among  them,  but  the  Glossina  fusca  shows  no  inclination  to  bite 
men.  Christy  (Reports  of  Expedition  to  the  Congo,  1903-1904) 
suggests  that  the  Glossina  fusca  bites  at  night,  but  I  have  no 
information  on  the  subject.  It  can  only  be  said  that  this  fly 
shows  little  inclination  to  bite  by  day,  is  usually  found  on  damp 
soil,  and  Its  numbers  do  not  seem  to  be  affected  by  the  presence 
or  absence  of  stock.  It  has  been  caught  throughout  the  year 
but  IS  most  numerous  in  the  wet  season. 

The  Glossina  longipennis  has  not  been  found  at  Kibwezi,  but 
at  a  station  further  down  the  line  (Kinani)  has  been  caught  in 
qiiantities.    Along  the  railway  line  and  the  old  caravan  road, 
where  there  is  httle  or  no  bush,  the  fly  apparently  rests  on  the 
red  soil,  flying  up  and  attacking  any  animal  or  man  passing  by. 
it  IS  as  troublesome  as  the  Glossina  pallidipes  in  this  way,  but 
apparently  does  not  bite  all  day  ;  for  one  can  go  along  the  Ike 
at  midday  without  seeing  a  fly,  but  after  4  p.m.  one  is  im- 
mediately attacked      This  fly  enters  the  train  regularly  at  night 
and  can  be  found  flymg  about  the  lamp.     My  Indian  Assistant, 
Compounder  Pillay  through  whom  I  have  obtained  most  of  my 
mformation  about  the  flies,  tells  me  that  he  has  never  found  i 
Glossina  longipennis  come  on  board  the  train  in  the  daytime,  but 
at  night  they  are  attracted  by  any  light  and  will  then  bite.  This 
fly  IS  found  between  the  Tsavo  and  the  Mtoto  Ndi  rivers.  A 
few  specimens  have  been  caught  outside  these  limits,  but  they 
have  been  m  the  railway  stations  and  have  evidently  been 
carried  by  the  tram.     I  have  not  been  able  to  find  out  anything 
about  the  seasonal  prevalence  of  this  fly. 
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18.    REPORT  ON  SLEEPING  SICKNESS  IN 
UNYORO  AND  THE  NILE  VALLEY. 

By  a.  D.  p.  Hodges,  M.D.  Lond.,  Medical  Officee, 
Uganda  Protectorate. 
I. — Summary  of  Report. 

The  route  traversed  after  leaving  Hoima  was  : — Masindi, 
Fajao,  Foweire,  Fajao,  Wadelai,  Lake  Albert  (by  water), 
Wadelai  (by  water),  Nimule  (by  water),  Gondokoro. 

On  my  arrival  at  Hoima  I  saw  cases  of  undoubted  sleeping 
sickness  which  had  been  brought  in  from  Bugungu  (Bachopi)  by 
Dr.  Pooley,  and  had  been  subsequently  seen  by  Capt.  Greig, 
I. M.S.,  of  the  Sleeping  Sickness  Commission.  These  cases  were 
in  all  stages  of  the  disease,  which  had  been  contracted  locally. 

The  presence  of  sleeping  sickness  in  epidemic  form  in  N.W. 
Unyoro  was  therefore  certain,  and,  as  I  found  that  Dr.  Pooley 
had  just  recently  passed  through  the  Butiaba,  Fajao  lines  of 
country,  and  Capt.  Greig  was  then  again  traversing  a  part  of  it, 
I  was  induced,  with  the  permission  of  the  Principal  Medical 
Officer,  to  alter  my  intended  route  along  that  line  to  one  further 
inland,  including  Masindi,  Fajao  and  Foweire,  in  oi'der  to 
ascertain,  if  possible,  the  extent  of  the  epidemic,  the  prevailing 
local  conditions  likely  to  influence  its  spread,  and  its  origin  ; 
especially,  whether  it  had  travelled  directly  by  the  supposed 
fly-belt  along  the  Nile  from  the  Victoria  Nyanza  epidemic.  I 
was  further  persuaded  to  take  this  line  by  hearing  that  there 
were,  or  had  been,  a  good  many  sick  people  at  places  near  the 
Masindi-Fajao  road. 

The  centre  of  the  present  epidemic  appears  to  be  in  that  part 
of  the  Bachopi  country  lying  in  the  angle  formed  by  the  Victoria 
Nile  and  the  eastern  shore  of  Lake  Albert.  In  this  area  there 
have  been  a  considerable  number  of  deaths,  which,  from  facts 
gathered  by  Dr.  Pooley  and  from  widely  varying  native  reports, 
I  should  judge  already  amount  to  several  hundreds.  An  estimate 
is  rendered  more  difficult,  if  persistent  native  reports  are  to  be 
believed,  by  the  co-existence,  during  the  last  year  or  so,  of  small 
local  epidemics  in  the  same  area  of  an  acute  and  rapidly  fatal 
disease,  called  by  the  Bachopi  "  kituli,"  which  appears  to  be  the 
same  as  the  Luganda  "  kaumpuK,"  and  is  probably  plague. 

There  are  no  reliable  data  available  to  show  how  long  the 
sleeping  sickness  epidemic  has  been  going  on,  but,  calculating 
from  the  alleged  number  of  deaths  and  the  proportion  of  sick 
who  have  been  seen  in  a  . late  stage  of  the  disease,  it  would  appear 
that  it  has  lasted  at  least  a  year,  probably  more.  No  evidence 
is  obtainable  as  to  how  the  infection  first  reached  this  epidemic 
area,  but  the  probabilities  of  the  case  will  be  referred  to  later  on. 

Sleeping  sickness  was  not  found  to  be  present  as  an  epidemic 
anywhere  along  the  route  followed,  which  included  the  places 
mentioned  above  and  extended  to  a  point  about  ten  miles  west  of 
Fajao  in  the  direction  of  Bugungu.  A  few  isolated  cases  were 
seen  at  widely  distant  points. 
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1  was,  unfortunately,  prevented  hy  want  of  transport,  my 
porters  being-  worn  out,  from  traversing  the  country  in  the  angle 
formed  by  the  Victoria  and  White  Nile,  where,  from  what  I 
have  learned  of  the  nature  of  the  country  and  its  population,  I 
thought  the  disease  likely  to  spread,  but  I  visited  part  of  this 
district  on  the  bank  of  the  White  Nile  by  steamer  later. 

Glossi7ia  jmlpalis  wsis  found  to  be  widely  distributed  on  the 
Nile  and  lesser  streams,  and  facts  were  gathered  as  to  its  local 
distribution  and  habits.  The  conditions  favourable  to  the  spread 
of  _  sleeping  sickness  exist  over  a  much  wider  area  than  the 
epidemic  itself,  as  will  be  shown.  They  seem  nowhere,  however, 
unless  perhaps  on  the  shores  of  Lake  Albert,  favourable  to  the' 
occurrence  of  a  great  epidemic  such  as  that  on  Victoria  Nyanza. 

With_  regard  to  preventive  measures,  no  complete  system  of 
quarantine  or  isolation  would  be  possible  owing  to  the  character- 

(istics  of  the  disease  itself,  and  if  attempted  would  paralyse  traffic 
and  transport  over  a  great  part  of  the  Protectorate  and  elsewhere. 
The  prospects  of  destroying  the  fly  to  any  useful  extent  is 
apparently  hopeless.  The  measure  which  will  be  recommended 
as  most  likely  to  be  effective  and  most  generally  practicable  is 
a  form  of  local  and  partial  segregation  which  can  be  carried  out 

.by  the  natives  themselves,  and  which  consists  in  removing  sick 
and  suspected  persons  from  communication  with  the  neighbouring 
area  or  areas  infested  by  fly. 

IL— Enquiry  into  the  Presence  of  Sleeping  Sickness. 
^   Great  difficulty  was  experienced  everywhere  north  of  Masind 
m  gammg  any  assistance  or  reliable  information  from  the  natives 
who  have  had  little  to  do  with  Europeans  and  who  were  found  to 
be  extremely  shy  and  suspicious  and  much  prejudiced  against 
showmg  their  sick,  their  time-honoured  custom  being  to  hide 
them  away  m  the  jungle  on  the  approach  of  strangers.  They' 
invariably  denied  all  knowledge  of  the  disease  or  of  its  presence 
in  their  country,  except  that,  in  a  few  instances  among  the 
Bachopi,  they  said  they  had  heard  of  its  presence  at  Mwanga's 
(Bugungu).    They  had,  or  professed  to  have,  no  name  foi^  it,. 
It  IS  perhaps  worth  noting  here  that  I  never  found  a  sick  person 
ot  any  kmd  in  a  village  in  which  it  had  become  known  that  I  was 
m  search  of  sleeping  sickness.    There  was  great  difficulty,  also 
among  the  Bachopi  m  getting  interpreters,  as  these  people  seem 
to  have  mixed  very  little  with  Baganda  or  Swahilis  and  generally 
knew  only  a  few  words  of  Sudanese,  if  any. 

One  could,  therefore,  form  a  judgment  as  to  the  presence  of 
an  epidemic  only  on  general  grounds,  such  as  the  general  health 
and  condition  ot  the  people,  the  state  of  the  villages,  gardens,  etc  , 
and  the  presence  of  recent  graves.  It  can  be  stated  with 
practical  certainty,  however,  that,  along  the  route  followed  by 
the  _  expedition,  excepting  possibly  the  neighbourhood  of  the 
VVaiga  River,  which  will  be  again  referred  to  when  speaking  of 
plague  sleeping  sickness  was  not  present  in  epidemic  fom,  though 
isolated  cases,  if  they  existed,  might  easily  have  been  concealed. 
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Having  heard  that  there  was,  or  had  been,  an  epidemic  of 
some  kind  near  Kiswata's,  on  the  Masindi-Fajao  road,  I  obtained 
an  interview  with  Rubaugu,  the  chief  of  that  district,  at  Masindi, 
in  which  he  promised  to  collect  the  sick  for  me  at  the  Waiga 
Eiver  camp,  which  is  near  there,  and  to  provide  guides.  When 
I  arrived,  however,  I  found  that  nothing  had  been  done  and 
I  could  obtain  no  guides  who  would  tell  me  in  what  direction  the 
sick  people  lay.  I  was  told  on  my  arrival  that  all  the  sick 
people,  five  in  number,  had  died  the  day  before.  After  waiting 
two  days,  however,  a  woman  was  brought  to  me  in  a  moderately 
advanced  stage  of  sleeping  sickness.  She  had  general  superficial 
glandular  swelling,  and  gland-puncture  in  the  neck  revealed  the 
presence  of  Trypanosoma.  I  could  find  no  other  cases,  however, 
and  the  people  there  denied  all  knowledge  of  sleeping  sickness, 
though  they  circumstantially  described  a  recent  epidemic  of 
what  they,  the  Bachopi,  call  "  kituli,"  which  is  probably  plague, 
and  which  they  said  had  now  disappeared.  The  woman  just 
mentioned  was  stated  to  have  frequently  visited  Lake  Albert, 
near  the  mouth  of  the  Waiga,  and  to  have  also  been  to  Mwanga's 
(Bugungu),  but  it  was  also  said  that  she  had  only  been  ill  five  days. 

Between  this  and  Fajao  the  population  near  the  road  is  very 
scanty  and  I  could  find  no  case  in  which  there  was  any  suspicion 
of  sleeping  sickness,  while  at  Fajao  itself,  which  appears  to  be 
only  too  well  adapted  to  the  spread  of  the  disease,  the  natives 
denied  all  knowledge  of  it,  and  I  could  find  no  sign  of  its  presence. 
Enlarged  glands  were  not  common,  but  three  cases  were  tested 
by  gland-puncture  with  negative  result.  From  Fajao  to  Fowcire 
the  conditions  are  less  favourable  to  the  spread  of  the  infection, 
and  here  again  all  knowledge  of  the  disease  was  denied. 
Enlarged  glands  were  comparatively  uncommon,  and  though 
several  cases  were  tested  by  gland-puncture  in  various  villages, 
in  all  eleven,  the  results  were  in  each  case  negative. 

Between  Fajao  and  Wadelai  I  saw  no  natives,  as  they  all  ran 
away  and  did  not  even  sell  food  to  the  porters.  Between  Lake 
Albert  and  Wadelai,  near  the  former,  on  the  Bank  of  the  White 
Nile,  at  a  village  called  Kobo's  or  Buba's,  I  saw  one  man  with 
well-advanced  sleeping  sickness,  having  muscular  tremor  and 
enlarged  glands.  Not  only,  however,  would  he  not  allow  me  to 
examine  his  glands  by  puncture,  but  he  refused  even  to  put  out 
his  tongue.  I  saw  one  child  in  the  same  village  whose  condition 
was  very  suspicious,  but  any  attempt  to  examine  it  gave  much 
alaiTn,  and  I  saw  no  more  cases. 

The  natives  north  of  the  Victoria  Nile  appear  to  be  afraid  of 
witchcraft,  and  regard  all  European  medicine  as  magic.  At  a 
village  in  the  Bari  country  they  said  :  "  you  would  not  go  to  see 
a  man  performing  the  calls  of  Nature,  why  should  you  want  to 
look  at  him  when  he  is  sick  ?  "  so  that  in  some  cases  they  appear 
to  be  ashamed  of  being  ill. 

At  Wadelai,  Dr.  Strathairn  told  me  that  Capt.  Greig  had 
found  trypanosomes  by  gland-puncture  in  one  of  the  police,  and 
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lie  showed  me  a  Uganda  woman  who  seemed  to  be  in  an  early 
stage  of  sleeping  sicloiess,  though  a  single  gland -puncture  in  the 
latter  case  gave  negative  results.  It  is  probable  that  the 
infection  was  not  contracted  locally  in  either  of  these  cases,  but 
they  are  of  interest  in  considering  the  origin  of  the  infection  of 
Lake  Albert  and  the  Nile  Valley. 

At  Kerris,  half-way  between  Gondokoro  and  Nimule,  I  heard 
that  there  was  a  sick  woman  in  a  village,  but  on  visitino-  it  had 
great  difficulty  in  seeing  her,  and  was  at  last  permitted *to  do  so 
only  on  promising  to  abstain  from  medical  or  surgical  inter- 
ference. I  was  therefore  unable  to  test  by  gland-puncture,  but 
she  was  evidently  in  the  last  stage  of  sleeping  sickness,  and  had 
been  many  months  ill.  She  had  been  brought  there  from 
Nmiule,  where  she  was  taken  ill,  and  where,  it  was  stated,  other 
cases  exist  among  the  natives.  She  was  alleged  to  have  always 
hved  at  Nimule  or  Ai uddu,  and  in  that  neighbourhood,  and  never 
to  have  visited  Uganda  or  Unyoro. 

I  found  no  sign  of  the  presence  of  sleeping  sickness  north 
of  this. 

111.— The  Fly. 

Glossina  palpalis  was  not  observed  until  the  Waiga  River  was  { 
reached,  where  it  was  seen  in  small  numbers  at  the  point  where  V 
the  road  crosses  the  river.    It  was  afterwards  found  on  so  many 
ot  the  streams  encountered  (unless  where  the  channels  were 
completely  dry)  that  it  is  probably  present  on  most  or  all  of 
them  wherever  and  Avhenever  the  conditions  are  favourable  to  it 
It  was  however,  very  scarce  on  the  smaller  streams,  and  often 
difficult  to  find.    On  the  Victoria  Nile  it  was  numerous  on  both 
banks  at  all  the  points  visited,  and  is  probably  practically  con- 
tmuous  along  the  river  as  far  as  the  rapids  extend.    On  the 
VVhiteNile  it  was  numerous  on  both  banks  wherever  the  con- 
ditions seemed  to  favour  its  presence,  but  its  distribution  was 
more  patchy.    It  was  not  found  on  either  bank  at  Wadelai 
Itself,  nor  between  that  place  and  Nimule,  but  at  the  latter 
locality  It  IS  again  plentiful.    It  was  also  found  at  various  points 
further  down  on  the  Nile.    The  furthest  point  north  at  which  it 
was  met  with  was  near  a  small  stream  about  35  miles  south  of 
Gondokoro,  between  Kanda  and  Shindiro.    It  was  seen  on  most 
ot  the  streams  further  south. 

It  is  probable  that  Glossina  palpalis  is  present  on  all  streams 
and  open  water  where  certain  conditions  prevail,  viz.,  open  water 
with  shade,  and  a  certain  amount  of  clear  beach,  bank,  or  rock 
Ihus,  on  the  Victoria  Nile  which  presents  much  the  same 
features  between  Fajao  and  Foweire  as  the  same  river  in 
Busoga— namely,  high  cliff-like  banks  covered  with  rock  and 
On"^hrNV°f'°^  running  water-the  fly  is  extremely  abundant. 
On  the  Nile  from  Lake  Albert  to  Wadelai  the  conditions  are 
more  varied,  but  wherever  the  bank  was  fairly  clear  of  close 
high  reeds,  swamp  or  sudd,  and  was  moderately  shaded  by 
jungle  or  even  small  scrub,  the  fly  was  always  found.  Where 
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the  bank  was  free  of  reeds,  sudd,  jungle,  or  scrub  the  fly  was 
rare  or  absent.  Behind  a  wide  expanse  of  close  high  reeds, 
swamp,  or  sudd,  even  if  there  was  shade  along  the  coast  itself, 
the  fly  was  also  rare  or  absent ;  but  it  does  not  seem  to  mind 
open  reeds,  weeds,  or  rushes,  or  a  narrow  belt  of  swamp.  As 
the  above  sets  of  condition  may  be  said,  roughly,  to  alternate 
with  the  curves  of  the  river  on  the  banks  of  the  Nile  at  this 
part,  the  fly  may  be  imagined  as  distributed  in  a  line  which 
zigzags  irregularly  across  the  river.  At  Wadelai,  however,  and 
from  there  to  Nimule,  with  much  sudd  and  swamp  on  both  sides, 
only  a  little  clear  bank,  and  rarely  shade  at  the  same  time,  the 
fly  was  not  found.  At  Nimule  again,  where  there  is  shade 
without  swamp,  and  north  of  it  more  or  less  clear  banks  owing 
to  the  rapids,  the  fly  was  found  at  several  points.  It  is  probably 
present  wherever  there  is  a  belt  of  shade.  In  the  immediate 
vicinity  of  Gondokoro,  where  there  is  no  shade  there  is  no  fly. 
On  the  lesser  streams  and  rivers  the  fly  was  generally  in  small 
numbers  only.  The  conditions  determining  its  presence  there 
are  similar  to  those  of  the  main  river.  Where  the  stream  is 
very  narrow,  high  grass  appears  to  give  sufficient  shade,  and 
high  perpendicular  banks  are  also  always  favourable  The  fly 
was  found  to  be  fairly  abundant  at  some  Avaterholes  left  in  the 
dry  beds  of  streams,  being  probably  concentrated  at  places  where 
water  remained.  It  was  not  met  with  along  channels  which 
were  entirely  dry,  nor  was  it  seen  at  swamps  or  waterholes  apart 
from  streams. 

There  is  in  reality  no  continuous  fly-belt,  and,  though  it  has 
been  customary  to  use  the  term  as  referring  to  the  range  of  the 
fly  from  a  given  piece  of  water,  it  will  probably  be  found  more 
convenient  to  reserve  it  to  determine  the  geographical  distri- 
bution of  the  fly  across  the  continent  of  Africa.  What  is  found 
locally  is  rather  a  series  of  patches  on  lake  or  riverside  Avhich 
,  may  or  may  not  be  continuous. 

The  range  of  the  fly  from  the  water  side  is  probably  much 
narrower  than  has  been  supposed.  Only  on  a  very  few  occasions 
was  it  seen  in  ones  or  twos  at  any  distance  from  water.  The 
outside  limit  may  be  given  as  300  yards,  but  seldom  exceeds 
60  or  100  yards.  Probably  on  all  the  occasions  on  which  the 
fly  was  found  at  a  distance  from  water  it  was  following  the 
caravan  ;  in  fact,  as  Avas  early  noted,  it  will  folloAv  people  fi-om 
water  to  a  certain  distance  till  it  has  fed  or  been  driven  off".  It 
was  never  met  with  while  approaching  water  at  any  distance 
from  it.  Although  I  often  camped  at  100  or  200  yards  from 
water  where  the  fly  existed,  I  only  on  one  occasion  found  a  fly 
in  camp,  and  this  had  evidently  followed  the  water  carriers.  In 
the  camp  at  Fajao,  where  I  spent  altogether  on  two  occasions 
nearly  three  days,  I  never  saw  a  fly,  though  the  tents  were 
pitched  close  to  the  river  on  a  high  cliff"  beneath  which  the  fly 
was  to  be  seen  in  great  numbers,  and  I  had  oflfered  a  reward  to 
the  porters  for  each  fly  caught  away  from  the  water  side.    It  is 
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possible  that  the  range  of  the  fly  may  be  increased  in  thick  forest 
or  in  wet,  cloudy  weather,  but  this  I  had  no  opportunity  of  testing. 

It  was  noted  that  Glossina  palpalis  will  come  freely  to  a  boat 
oflT  shore  at  a  distance  of  about  30  yai'ds  or  less  but  rarely  at  a 
greater  distance.  It  will  remain  on  board  for  a  long  time  and 
may  be  carried  for  at  least  several  miles.  It  does  not  begin  to 
bite,  as  a  rule,  till  the  sun  is  well  up,  and  it  is  difficult  to  be  found 
half  an  hour  before  sundown.  The  surest  way  to  detect  its 
presence  is  to  sit  down  close  to  the  water's  edge  and  wait,  either 
in  the  shade  or  in  a  small  open  space.  It  may  sometimes  be 
necessary  to  remain  half  an  hour  or  an  hour  or  even  more  before 
seeing  one,  and  it  is  well  to  have  one  or  two  natives  sitting  or 
standing  in  front  of  the  observer.  After  a  little  experience  the 
fly's  presence  may  usually  be  detected  by  the  ear  before  it  is 
seen.  It  prefers  to  settle  near  the  groimd,  especially  on  the 
rmder  parts  of  the  body  such  as  the  bends  of  the  knees  and  backs 
of  the  calves  when  one  is  in  the  sitting  posture. 

The  Bangoro  call  biting  flies  "  bwara  "  if  large,  and  '"kiwara" 
or  "  kivara  "  if  small,  but  appear  to  have  no  special  name  for  the 
tsetse  flies.  The  Bachopi  call  the  tsetses  "  malingwa."  They 
.say  that  Glossina  paljmlis  "  follows  the  hippopotami,"  but  it  was 
found  in  many  places  where  these  animals  seldom  or  never  come, 
and  was  absent  from  others  where  they  abound.  The  natives 
north  of  the  Victoria  Nile  use  the  term  "buda,"  which  is  applied 
by  the  Sudanese  to  any  insect  which  bites  by  piercing,  including 
mosquitoes.  The  tsetse  is  sometimes  called  "buda  kebir." 
Several  chiefs  near  whose  villages  the  fly  was  f oimd  said  they  had 
never  seen  it  before,  though  it  seems  that  some  of  them,  at  any 
rate,  had  been  shown  it  by  the  Collector  of  this  district.  The 
specimens  of  biting  flies  collected  by  me  have  already  been 
sent  in. 

IV. —  General  considerations. 

The  following  facts  and  conclusions  seem  to  me  to  be  of  chief 
importance  for  consideration  in  dealing  with  sleeping  sickness  : — 

1.  The  infection  (trypanosome)  can  be  carried  from  person  to 
person  only  by  the  infected  fly,  and  from  place  to  place  only  by 
infected  persons,  via  the  infected  fly. 

2.  If,  as  is  stated,  Glossina  palpalis  can  carry  the  uifection 
only  for  48  hours  or  so,  the  risk  of  its  conveying  it  to  human 
beings  in  a  given  area  must  vary  extremely  according  to  the 
number  of  people  in  it  or  visiting  it,  the  number  of  flies  and  the 
frequency  of  their  opportunities  for  biting  the  sick.  The  scarcity 
of  trypanosomes  in  the  peripheral  blood  of  the/ick  diminishes 
the  probability  of  the  fly  acquiring  or  conveying  t'he  infection  by  ^ 
any  one  bite,  and  so  emphasises  the  importance  of  decreasing  its 
opportunities  as  much  as  possible.  The  fly  soon  ceases  tcbe  a 
danger  unless  constantly  re-infected. 

3.  The  human  being,  on  the  other  hand,  may  carry  the 
infection  for  many  months  and  possibly  for  years,  and  is  a 
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constant  soui-ce  of  danger  so  long  as  he  is  in  or  communicating 
with  the  fly-range.  If  kept  from  contact  with  the  fly,  however, 
he  :s  harmless. 

4.  The  range  of  the  fly  from  water  is  very  narrow,  probably 
less  than  a  quarter  of  a  mile,  and  usually  much  less. 

5.  The  risk  of  infection  is  at  its  maximum  in  a  community  or 
village  situated  within  the  fly-range,  for  there  the  sick  people 
constantly  re-infect  the  flies,  and  a  village  partly  within  the  fly- 
range  is  practically  in  the  same  case.  Between  villages  situated 
within  a  fly-range  or  ranges  there  is  reciprocal  infectiveness. 
ihis  IS  particularly  noticeable  along  lake  shores  and  navigable 
rivers  and  among  islands. 

A  village,  the  greater  part  of  whose  population  is  employed 
daily  within  the  fly-range,  as  in  fishing  or  canoeing,  is  almost  in 
the  same  case  with  one  lying  within  the  fly-range,  with  the 
important  exception  that,  in  the  later  stages  of  the  disease,  when 
the  sick  are  peculiarly  at  the  mercy  of  biting  insects,  they  no 
longer  visit  the  water-side. 

6.  Such  villages  as  those  mentioned  above  are  of  especial 
danger  on  a  line  of  frequent  communication. 

7.  In  a  village  whose  inhabitants  visit  the  fly-range  only  for 
drawing  water  or  for  ablution  the  risks  are  greatly  diminished. 

8.  In  a  village  away  from  the  fly-range  a  great  part  of  the 
population  may  become  independently  infected,  and  the  risk 
varies  with  the  distance  from  the  fly-range  and  the  frequency  of 
communication  with  it.  It  is  greatly  increased  in  certain 
situations,  such  as  on  peninsulas  or  islands  and  between  rivers 
(See  Figs.  I,  II,  and  III).  In  such  villages  the  able-bodied 
are  the  most  liable  to  infection  and  are  usually  the  first  attacked. 
Infection  cannot  be  carried  directly  from  such  a  village  to  another 
outside  the  fly-range,  but  can  only  travel  via  the  fly-range. 

9.  Infection  is  carried  from  place  to  place  by  man  and  not  by 
the  fly,  though  an  infected  fly  might  conceivably  be  carried  for  a 
considerable  distance  artificially,  e.gi.,  on  a  steamer.  It  is  evident 
that  persons  in  the  early  stage  of  trypanosomiasis  may  carry 
infection  to  great  distances,  while  the  range  of  the  individual  fly 
is  narrow  and  the  period  during  which  it  carries  infection  is 
short.  It  is  probable,  therefore,  that  fresh  areas  become  infected 
via  the  main  routes  of  communication,  rather  than  from  more  or 
less  adjacent  fly-infested  belts  or  patches  through  which  there  is 
little  or  less  communication. 

10.  The  risk  of  infection  being  carried  from  one  place  to 
another  depends  then,  chiefly,  on  the  amount  and  character  of 
the  communication  between  them.  The  greatest  risk  is  run  when 
this  is  entirely  or  principally  within  the  fly-range,  as  it  commonly 
is  along  lake  shores  and  navigable  rivers.  The  most  marked 
example  is  to  be  seen  in  the  canoe  traffic  of  the  natives,  in  which 
the  course  is,  wherever  possible,  in-shore,  and  the  landing- 
places  are  frequent  a»d  generally  uncleared.    The  danger  is 
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comijaratively  slight  of  the  infection  travelling  along  or  across 
unnavigable  rivers,  such  as  those  parts  of  the  Nile  where  there  are 
rapids,  and  is  determined  more  hy  the  extent  of  road-communica- 
tion than  by  the  river  itself  and  the  number  of  flies  on  its  banks. 
The  risk  from  an  infected  person  travelling  depends  on  the 
number  and  character  of  the  fly-infested  areas  crossed  and, 
especially,  on  the  time  spent  in  them.  It  is  obviously  greatest 
when  an  infected  person  settles,  or  remains  for  some  length  of 
time,  in  or  in  close  communication  with  an  infectable  area. 

11.  The  conditions  necessary  for  the  occurrence  of  a  great 
epidemic  may  be  stated  as  follows : — 

(1.)  The  presence  of  Glossina  palpalis  in  large  numbers 

over  a  considerable  area. 
(2.)  A  thickly-gathered  numerous  population. 
(3.)  Free  and  frequent  inter-communication,  much  of  it 

within  the  fly-range. 
(4.)  A  considerable  part  of  the  population  either  living  or 

daily  employed  within  the  fly-range. 
{5.)  A  coast  or  banks  much  broken  by  inlets,  estuaries,  and 
rivers,  and  with  adjacent  islands. 
These  conditions  may  be  summed  up  as  the  constant  infection 
and  re-infection  of  large  numbers  of  flies  and  the  exposure  to 
them  of  large  numbers  of  people.    They  will  be  comparatively 
rarely  found  to  co-exist  in  such  fatal  completeness  as  they  do 
round  the  northern  shores  of  Victoria  Nyanza. 

— Preventive  and  Precautionary  Measures. 

Sleeping  sickness,  then,  may  be  carried  wherever  an  infected 
person  travels— a  possibility  which  is  practically  unlimited.  The 
disease  may  spread  and  find  new  victims  wherever  Glossina 
palpahs  exists— a  very  wide  field  indeed.    The  chances  of  its 
spreading  locally  will,  however,  vary  with  certain  conditions,  such 
as  the  number  of  flies,  the  number  and  habits  of  the  population 
the  location  of  their  dwellings,  the  amount  and  kind  of  inter- 
communication and  the  conformation  of  the  country.    Most  oE 
the  preventive  measures  used  to  combat  other  epidemic  diseases 
are  inapplicable  m  dealing  with  this  terrible  and  fatal  malady 
and  the  difficulties  to  be  overcome  in  carrying'  out  any  measure 
efficiently  are  enormously  increased,  not  only  by  the  special 
characters  of  the  disease  itself  but  also  by  the  nature  of  the 
countries  and  populations  where  it  is  prevalent. 

Quarantine,  properly  speaking,  is  impossible,  owing  to  the 
great  length  of  time  during  which  infection  may  be  carried  bv 
human  beings  and  the  difficulty  of  determining  its  presence  in 
the  early  stages. 

_  Aggregation  of  the  sick  for  isolation  purposes  in  large  numbers 
IS  attended  with  great  difficulties  and  dl-awbacks,  and  hTs  no 
special  advantages  Such  aggregation  within  the  fly-range  must 
ot  CQurs?  be  harnjf  ul,  ^  ^ 
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The  difficulties  in  the  way  of  quarantine  preohide  the  feasibility 
of  preventing  the  infection  from  being  occasionally  conveyed, 
wherever  there  is  communication,  to  a  new  infectable  area,  and, 
though  this  may  be  controlled  to  some  extent,  it  would  seem  that 
greater  success  is  to  be  hoped  for  in  endeavouring  to  limit  the 
infection  of  flies  in  new  areas  and  their  re-infection  in  epidemic 
areas  so  as  to  reduce  the  risks  to  or  from  residents  or  travellers 
in  each  locality  as  far  as  possible. 

The  most  practical  method  of  accomplishing  this  result  would 
be  the  removal  of  the  sick  in  each  community  from  direct 
communication  with  the  neighbouring  fly-range.  This  range 
being  generally  very  narrow,  the  purpose  would  be  effected 
in  most  cases  by  moving  the  infected  patients  to  the  next 
hill  or  open  space,  which  need  not  be  more  than  half  an 
hour  from  the  water-side.  They  would  have  to  be  supplied 
with  water  and  sometimes,  but  not  necessarily  or  always,  with 
food  as  well,  by  their  neighbours.  This  plan  would  of  course  be 
more  difficult  in  a  district  in  which  a  large  proportion  of  the 
population  had  already  contracted  the  disease.  The  chief 
difficulty  will  always  he  Avith  cases  of  early  infection.  If, 
however,  this  plan  were  only  partially  carried  out  it  would 
enormously  decrease  the  risks  incurred  by  the  constant  re- 
infection of  flies.  Where  it  could  be  carried  out  thoroughly  it 
would  stamp  out  the  disease,  and  it  should  be  enforced  primarily 
at  camps  and  villages  on  the  main  lines  of  communication. 

It  is  probable  that  the  natives,  though  generally  reluctant  and 
suspicious  of  anything  new,  would  not  have  the  same  prejudices 
against  such  a  measure  as  they  have  against  complete  isolation 
and  removal  to  a  distance  from  their  homes  and  friends.  Chiefs 
and  others  in  districts  where  the  infection  exists  or  is  likely  to 
penetrate  should  be  shown  specimens  of  the  fly  and  instructed  as 
to  its  habits  and  how  it  carries  infection,  and  special  stress  should 
be  laid  on  the  fact  that  only  when  it  is  allowed  to  bite  the  sick 
does  it  convey  the  disease  to  others.  They  should  also  be  given 
some  idea  of  the  course  and  duration  of  sleeping  sickness,  and 
warned  as  to  the  early  attacks  of  fever.  They  could  then  be 
instructed  to  remove  all  sick  and  suspected  persons  to  a  distance 
half  an  hour  from  any  water  where  the  fly  is,  to  prevent  them 
from  visiting  such  water  and  to  see  that  their  friends  supply  them 
with  water  and  food.  They  should  report  the  appearance  of 
cases  of  sleeping  sickness  in  their  district  as  they  occur.  Where 
feasible  whole  camps  or  villages  could  be  removed  from  within 
the  fly-range.  In  villages  outside  the  fly-range  it  would  only  be 
necessary  to  prevent  the  sick  from  direct  communication  with  it. 

Instructions  similar  to  the  above  were  given  to  the  chiefs  at 
villages  through  which  I  passed.  These  men  seemed  quite 
willing  in  most  cases  to  carry  them  out  for  their  own  sakes,  if 
occasion  arose,  and  did  not  suggest  any  difficulties  in  the  way. 
With  the  support  of  the  administrative  authorities  I  think  that 
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many  of  them  would  do  their  best  to  follow  any  such  instructions 
given  them.  Where  chiefs  are  found  unwilling  or  incapable  it 
might  perhaps  be  possible  to  find  Baganda,  familiar  with  the 
disease,  who  could  be  employed,  in  some  parts  of  the  country,  as 
native  inspectors,  and  would  see  the  instructions  carried  out. 

Precautionary  measures  such  as  the  medical  examination  of 
those  travelling  from  an  infected  to  an  infectable  area  should 
of  course  not  be  neglected.  Persons  having  glandular  enlarge- 
ment might  be  tested  by  puncture.  People  from  an  infected 
area  should  not  be  allowed  to  settle  for  any  length  of  time  in  an 
infectable  area  without  medical  examination  and  special  per- 
mission, and,  when  such  permission  is  granted,  should  report 
themselves  periodically. 

Camps  for  transport  purposes  should  not  be  nearer  than  200 
yards,  and  where  possible  400  yards,  from  the  water,  and  the 
ground  near  crossings  and  places  where  water  is  drawn  should  be 
kept  well  cleared  of  scrub.  Where  it  is  absolutely  necessary  to 
have  camps  near  the  water-side  the  sites  should  be  carefully 
chosen  and  prepared.  Water  traffic  should  be  conducted  where 
possible  at  least  50  yards  from  shores  or  banks  likely  to  harbour 
the  fly,  and  landuag-places  should  be  chosen  at  spots  which  it  is 
not  likely  to  haunt. 


The  actual  manner  in  which  sleeping  siclcness  spreads  is  highly 
conaplex,  owing  to  the  peculiar  distribution  of  the  fly  and  the 
various  ways  in  which  it  can  be  reacted  on  by  human  inter- 
communications and  occupations,  and  by  the  conformation  of  the 
country. 

The  map  diagrams  accompanying  this  report  are  intended  to 
demonstrate  how  infection  probably  spread  in  the  Victoria 
Nyanza  epidemic  (Epidemic  A,  Fig.  II)  and  how  it  may 
possibly  extend  in  and  from  the  Albert  Nyanza  epidemic 
(Epidemic  B,  Fig.  III).  ^ 

The  coast  lines  are  entirely  diagrammatic.  Lines  with  double 
arrow  heads  (<— >)  show  how  infection  is  carried  in  both 
directions  between  any  two  points  within  the  fly-range  or  from 
one  fly-range  to  another,  and  represent,  what  has  been  called 
above,  reciprocal  infectiveness.  Lines  with  single  arrow  heads 
show  infection  travelling  to  points  without  the  fly-rano-e  and 
represent  so-called  imported  cases.  ^  ' 

A  "^S  E  =  lake  or  navigable  river;   F  =  fly-range  ; 

A,  B,  O,  D  =  villages  within  fly-range  ;  a,  a',  a^  and  b,  b',  b^  = 
villages  outside  fly-range.  All  cases  or  centres  in  A  B  C  D 
are  reciprocally  infective,  while  a,  a^,  a^  and  b,  bS  b^'can  only 
intect  one  another  through  some  infected  point  in  F,  and  are  not 
reciprocally  infective  with  A,  B,  C,  D.    (Fig.  I,  see  p.  99.) 
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^  In  Fig.  II  an  attempt  has  been  made  to  show  the  influence  of 
islands,  penmsulas,  &c.,  on  intercommunication  and  reciprocal 
intectiveness,  and  also  how  certain  communities,  though  outside 
the  fly-range,  may  be  so  situated  that  the  greater  part  of  their 
population  may  be  swept  ofF  in  a  great  epidemic  while  they 
themselves  cannot  convey  infection  directly  to  other  commimities 
Wakolis  instance  of  this  is  the  place  marked 

In  Fig.  Ill,  I  have  tried  to  show  how  sleeping  sickness  may 
be  expected  to  spread  in  the  Lake  Albert  epidemic,  and  I  am 
persuaded  that  a  fairly  accurate  forecast  might  be  made  were  a 
more  detailed  knowledge  of  the  country  and  its  inhabitants 
available.  For  greater  distinctions  only  the  lines  showing 
reciprocal  mfectiveness  have  been  marked  in  red. 

It  will  be  seen  that  the  conditions  favourable  to  the  occurrence 
of  a  major  epidemic  are  present  to  a  great  extent  on  the  N.E. 
shores  of  Lake  Albert  and  on  arms  of  the  Nile  near  it.  It  is 
possible  they  may  also  exist  at  other  parts  of  the  lake  shore. 
There  are,  however,  several  reasons  which  render  unlikely  an 
epidemic  of  anything  like  the  dimensions  of  that  about  Lake 
Victoria,  namely  : — 

L  There  is  nowhere  such  a  large  and  thickly  gathered 
population. 

2.  There  is  much  less  intercommunication  and  trade. 

3.  There  is  nowhere  so  large  a  proportion  of  the  population 

following  their  daily  avocations  within  the  fly-range. 

4.  On  the  White  Nile,  at  any  rate,  most  of  the  dwellings 

seem  to  be  situated  outside  the  fly-range. 

5.  What    I   have   been   able    to   gather   regarding  the 
j     iir^  conformation  of  the  coasts  and  banks  and  the  number 

of  islands  leads  me  to  believe  that  the  country  is  less 
/y^    (A  fitted  for  the  spread  of  infection.    Between  Foweire 

'JaDnJi^^       and  Fajao  nearly  all  the  villages  are  some  miles  from 
^■'^'^'MXXUL/^        ^^jr^Q  l^iie,  many  of  them  draw  water  from  springs  and 
^  waterholes  not  directly  connected  with  streams,  and 

most  of  the  others  are  at  least  half  a  mile  from  streams. 
The  fly  is  scarce  on  these  streams,  communication  is 
infrequent,  and  the  inhabitants  have  practically  no 
aquatic  occupations.  Of  the  Bakedi  and  others 
occupying  the  country  to  the  north  of  the  Victoria  Nile 
I  can  say  little,  except  that  they  appear  to  control  both 
banks  of  the  river  and  to  engage  to  some  extent  in 
fishing. 

Along  the  White  Nile  to  Wadelai  the  j)opulation  is  compara- 
tively thin.  Between  Wadelai  and  Nimule  the  fly  is  scarce  or 
absent  (it  may,  however,  be  present  on  the  streams)  and  the 
population  is  also  thin.  North  of  Nimule  the  population  is  again 
scanty  and  the  river  is,  of  course,  unnavigable,  but  the  road 


97 


touches  it  at  many  places.  There  is  no  native  intercommnnication 
in  all  this  region  comparable  with  that  among  the  Baganda  and 
Busoga. 

^  It  would  seem,  therefore,  if  the  infection  makes  headway  in 
either  of  these  directions,  that  a  series  of  village  or  minor 
epidemics  is  more  likely  to  result  than  a  major  epidemic  like  that 
roimd  Lake  Victoria. 

Other  diseases  met  with  were  small-pox  and  relapsing  or 
spirillum  fever.  A  disease  resembling  plague  was  described  by 
the  natives  as  existing  in  Uuyoro  and  in  the  Bari  country  north 
of  Nimule.  Only  one  case  of  small-pox  was  seen,  a  porter  in  a 
caravan  coming  from  Uganda.  This  man  was  isolated  by 
arrangement  with  the  local  chief  of  Fajao  and  afterwards  passed 
on  to  G-ondokoro.  No  further  cases,  so  far  as  can  be  ascertained, 
resulted. 

Spirillum  fever  was  common  in  my  caravan,  and  several  cases 
were  met  Avith  in  native  caravans  encountered  on  the  road.  In 
aU  21  cases  were  seen  and  verified  by  microscopic  examination. 
This  disease  seems  to  be  specially  prevalent  in  Unyoro.  No 
cases  occurred  north  of  the  Victoria  Nile  which  might  not  have 
been  contracted  south  of  it,  and  no  case  has  been  seen  since 
arriving  at  Wadelai.  The  disease  seems  to  be  closely  associated 
with  the  tick  Ornitlwdorus  mouhata,  and  is  therefore  probably 
identical  with  the  Zambesi  "  tick  fever."  Some  interesting  cases 
occurred  among  my  own  servants.  On  December  14th  my  servants 
complained  to  me  that  there  were  many  of  the  ticks,  called 
"  Bibo  "  by  the  Baganda,  in  the  rest  huts  at  the  camp  where 
they  had  slept  that  night  and  the  night  before.  They  had 
previously  slept  in  their  tents  and  I  ordered  them  to  do  so  ao-ain 
m  future.  On  the  night  of  December  21  four  of  them  were 
seized  with  sharp  attacks  of  spirillum  fever.  As,  so  far  as  I  and 
they  could  tell,  there  had  been  no  further  exposure  to  the  tick 
(which  is  Ornitlwdorus  mouhata),  these  cases  appear  to  throw 
some  light  on  the  causation  and  incubation  period  of  spirillum 
tever.  Only  one  of  these  four  had  a  relapse,  after  an  interval  of 
14  days.  Kelapses  were  not  common  in  the  other  cases,  and 
seems  to  be  much  less  frequent  in  natives  than  in  Europeans. 

At  Kiswata's,  near  the  Waiga  river,  Mwechi,  a  «  mukunou  " 
there,  told  me  that  6  months  before  my  arrival  41  people  had 
died  m  a  shamba  called  Panyatoli  of  a  disease  which  lasted  from 
two  to  five  and  sometimes  ten  days.  They  had  pain  in  the  chest 
stomach  or  neck  and  sometimes  in  the  groins.  Sometimes,  alsc, 
they  spat  blood  or  passed  it  in  the  stools.  This  disease  is  called 
locally  ^kituh  and  IS  apparently  the  same  as  "  kaumpuli  "  in 
^Uganda  and  probably  identical  with  ])lague.  Mwechi  said  he 
remembered  ,t,  in  Kabarega's  time,  before  the  Europeans  came 
sweeping  across  the  whole  of  Unyoro  and  killing  many  people'. 
All  who  did  not  d,e  left  their  shambas  and  villages  aid  ?an 
away.     He  had  not  noticed  whether  rats  died.    He  said  the 
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local  epidemic  was  now  finished,  and  I  conid  not  see  a  case, 
thouo-ii  hve  people  were  said  to  have  died  of  some  disease  or  other 
the  day  before  my  arrival. 

At  Kerri's,  half  way  between  Nimulc  and  Gondokoro,  I  found 
a  small  village  quite  lately  deserted  and  ]iartially  burnt,  with  at 
least  one  recent  grave  in  it.  A  son  oi-  relative  of  Kerri  who 
Avas  with  me  at  the  time,  told  me  that  it  had  been  deserted  during 
the  current  montli  (February)  on  account  of  an  illness  of  which 
two  people  had  died,  and  which  he  described  as  lasting  From  two 
to  five  days  with  symptoms  similar  to  those  described  above.  The 
local  name  of  this  disease  is  "jeddr."  At  a  neighbouring  village, 
when  I  found  a  case  of  sleeping  sickness,  this  story  was  denied, 
and  my  original  informant  seemed  inclined  to  retract  his  story, 
but  I  rather  think  it  was  nevertheless  true,  as  no  other  reason 
was  vouchsafed  for  the  desertion  of  the  village.  No  case  of 
malaria  occurred  among  the  natives  in  the  caravan  until  Wadelai 
was  reached. 


Appendix  to  Dr.  Hodges'  Report  on  Sleeping  Sickness  in  North- 
western XJnyoro  and  on  the  Nile. 

Other  Bitinff  Flies.— In  addition  to  Glosiina  pal2m.lis  several  kinds  of 
biting  flies  were  noticed.  Specimens  of  most  of  these  have  already  been 
sent  and  they  appear  to  consist  mainly  of  Tabanidae  of  various  species  and 
Simulium  or  sand-flies.  The  latter  are  found  in  quantity  near  the  Nile, 
especially  the  Victoria  Nile,  but  their  distribution  is  very  wide  over  Usoga. 
Uganda,  Unyoro  and  the  Nile  Province.  Tabanidae  are  also  widely  distri- 
buted, but  were  seen  in  greatest  numbers  between  the  Victoria  Nile  and 
Wadelai.  Biting  midges  (Ceratopogon  ?)  were  troublesome  at  Hairo  camp, 
between  Kampala  and  Hoima,  and  at  various  places  along  the  Nile.  They 
are  about  ^  inch  long,  greyish,  with  small  hairy  spots  on  the  wings. 
Unfortunately  all  tbe  dry  specimens  collected,  which  included  mosquitoes, 
midges,  and  some  of  the  tsetse  flies,  were  spoiled  either  by  mould  or 
putrefaction. 

A  tsetse  fly,  somewhat  smaller  than  Glossina  palpalis  and  of  a  more 
yellowish-brown  colour,  was  seen  at  intervals  along  the  native  road  from 
Foweire  to  Fajao.  It  seemed  to  be  pretty  widely  scattered,  but  was  nowhere 
numerous,  and  I  found  it  difficult  to  catch.  One  specimen,  which  appeared 
to  me  identical  with  those  I  had  seen,  was  caught  by  one  of  my  servants  on 
his  neck,  about  five  hours  south-east  of  Fajao.  This  has  already  been  sent  in 
for  identification.  I  next  saw  similar  flies  about  two  hours  north  of  Fajao, 
near  the  Wadelai  road,  but  failed  to  obtain  a  specimen,  though,  M'hile  trying 
to  catch  one  which  was  settling  on  my  putties,  I  was  bitten  by  another  on 
the  back  of  the  neck,  the  first  intimation  of  the  latter's  presence  being  the 
peculiar  buzzing  noise  which  they  make  after  feeding,  and  which  was  long  ago 
described  by  Colonel  David  Bruce.  I  did  not  encounter  them  again  till  about 
half-way  from  Nimule  to  Gondokoro,  where  I  saw  and  caught  a  single 
specimen,  which  I  now  send.  Since  arriving  at  Gondokoro,  however,  I  have 
found  them  in  considerable  numbers  at  a  spot  about  four  hours  east  of  the 
station,  near  the  Kodweh  (?)  river.  Here  I  succeeded  in  catching  three 
specimens,  which  also  I  send  herewith.  I  cannot,  in  the  absence  of  any 
literature  of  reference  venture  to  determine  the  species,  but,  from  their 
small  size  and  general  coloration  these  flies  seem  most  to  resemble 
G.  morHtlaiis. 

TrypuiinHnmr.ii  in  nnimah. — On  January  0th,  at  a  camp  near  Foweire,  it 
was  reported  to  me  that  one  of  some  sheep  I  liad  brought  with  me  from 
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Kampala  seemed  to  be  sick  and  could  not  keep  np  well  with  the  caravan. 
As  the  weather  was  intensely  hot  and  trying  I  was  not  surprised.  I  took  the 
animal  on  the  next  day,  when  it  was  reported  to  be  weaker,  and  it  was 
cirried  for  a  short  distmce  into  camp,  where,  however,  it  immediately 
8t;irted  feeding.  I  could  detect  nothing  the  matter  with  it  but  a  verv  slight 
nasal  discharge,  but,  as  it  could  not  keep  up  with  us,  I  ordered  it  to  be 
killed,  previously  taking  a  fresh  specimen  of  its  blood.  In  this  I  found  two 
trypanosomes.  I  theu  took  some  dry  films  for  staining,  but  by  this  time  the 
state  of  the  blood  was  unfavourable  for  microscopy  and  I  found  no  trypano- 
somes in  them.  I  also  failed  to  find  Pyrosoma  or  any  other  parasite,  'in  the 
organs  there  were  definite  signs  of  disease,  viz.,  pericardial  effusion,  and  some 
petechial  haemorrhages  beneath  the  ijleura. 

Soon  after  my  arrival  at  Gondokoro  I  was  informed  that  the  Government 
mule  used  by  the  collector  was  ill.  In  its  blood  I  found  trypanosomes  and 
it  died  on  March  2nd.  At  the  post-mortem  examination  I  detected  nothing 
abnormal  beyond  anajmia  and  a  few  sub-pleural  and  sub-pericardial 
hftjmorrhages.  The  brain  was  not  examined.  As  the  animal  had  been  at  the 
station  three  years  the  disease  must  have  been  contracted  in  this  district. 


Additional  Note  by  Dr.  Hodges,  dated  September  6th,  1905, 

Gondokoro.  ' 

The  identification  by  an  expert  of  the  tsetse  flies  sent  in  with  my  report 
havmg  confirmed  my  supposition  that  certain  of  these  flies  belonged  to  the 
species  Gloss'nia  morsltans  I  am  enabled  to  state  now,  what  I  suspected  at  the 
time,  the  fact  that  in  every  instance  in  which  tsetse  flies  were  caught  at 
any  considerable  distance  from  water  and  from  localities  such  as  are  described 
in  the  report  as  being  afPected  by  G.  palpalis,  the  species  has  proved  to 
be  G.  morsiians. 

This  would  seem  to  be  a  somewhat  important  point  in  mapping  out  the 
di.stribution  of  G.  imlpalk,  as  it  will  be  evidently  rash  to  conclude  that 
tsetse  flies  reported  as  existing  away  from  localities  such  as  described  are  of 
the  species  ^aZpaZ/s,  unless  specimens  have  been  caught  and  examined  with  a 
view  to  the  exclusion  of  other  species. 

Another  fact  brought  into  prominence  is  the  very  wide  belt  of  distribution 
of  G.  morsiians  across  Africa,  and  this  would  seem  to  emphasise  the  impor- 
tance of  experiments  as  regards  the  ability  of  this  species  to  carry  the 
trypanosome  of  .sleeping  sickness,  and  thus  to  determine  the  potentiality  of 
the  spread  of  this  disease  to  the  many  important  areas  where  this  fly  is  known 
to  exist. 
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19.  ACCOUNT  OF  TOUR  BY  MR.  SPEKE  AND 
DR.  ADAMS  IN  NORTHERN  UNYORO  AND 
ON  THE  VICTORIA  NILE. 

By  Dr.  E.  B.  Adams. 

{November  14,  1905.) 

On  September  8th,  1905,  Mi-.  Speke  and  I  started  from 
Hoima  on  a  tour  tliroiigh  the  Bugvmgu  country  to  Faiao,  thence 
along-  the  south  bank  of  the  Nile  to  Fowera,  and  on  "to  Buruli. 
We  decided  to  abandon  the  last  bit  of  the  toiu-,  and  set  out  for 
Masindi  when  a  day's  journey  above  E'owera,  owing-  to  illness, 
and  therefore  did  not  qiute  reach  Buruli. 

2.  For  about  ten  days  befo]-e  starting-  on  toui-,  we  were 
einployed  in  intervieAving  the  different  chiefs,  through  Avhoso 
territory  A\'e  should  pass,  and  in  showing  them  specimens  of  the 
tsetse  fly  and  in  talking  to  them  about  sleeping  sickness.  Mr. 
Wilson  had  also  many  talks  with  them,  and  had  made  them 
promise  to  cut  tracks  for  us ;  if  this  had  not  been  done  it  would 
haA'e  been  almost  impossible  for  us  to  have  gone  through  the 
country  which  we  did.  The  majority  of  them  fulfilled  their 
promises  and  cut  i-oads  for  us  and  helped  us  considerably  in 
other  ways.  The  Kabaka  also  helped  us  by  sending  some  of  his 
headmen  Avith  us.  These  men  Avei-o  invaluable.  The  chiefs 
made  one  stipulation,  and  that  was  that  no  blood-films,  &c., 
shoidd  be  macle.  We  took  some  time  in  explaining  and  showing 
them  how  they  Avere  made,  but  they  insisted  that  if  Ave  once 
began  collecting  blood  or  gland  preparations,  we  should  find 
every  village  we  came  to  deserted,  and  I  haA^e  not  the  slightest 
doubt  that  this  Avould  haA'e  been  the  case,  manv  of  the  natiA'CS 
i-unning  away  as  it  A\as. 

3.  An  itinerai-y  of  the  villages  ]>assed  during  the  tom*  will  be 
found  at  the  end.    The  tour  Avas  made  in  order  to  find  out : — 

(1.)  What  places  Avere  infested  by  tsetse  fly. 
(2.)  In  AA'hat  ])laces  thei-e   had   been  cases   of  sleeping- 
sickness,  and  Avhether  the  fly  was  found  there  as  well. 

(3.)  The  nature  of  the  locality  in  Avln'ch  the  fly  Avas  found, 

and  any  habits  of  the  fly. 
(4.)  Whether  sleeping  sickness  AA'as  increasing  or  decreasing 

in  those  places  in  Avhich  it  Avas  known  to  have  occurred. 
(5.)  If  any  means  could  be  devised  to  prevent  it  spreading 

across  the  Victoria  Nile  by  Avay  of  the  ferry  at  Fajao, 

Avhich  is  nnich  used  by  ti-aders,  &c. 

4.  Oiu-  first  camp  Avas  at  Kajin-a,  4^  to  5  hours  from  Hoima  ; 
no  sleeping  sickness  there,  nor  could  any  fly  be  found.  On  the 
Wachi  River  there  ai-c  only  a  very  few  natives,  and  those  mostly 
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old  people  :  no  cases  of  sleeping  sickness.  After  prolonged 
search  along  banks  of  river  two  sjjcciniens  of  fly  were  caught, 
the  only  ones  seen.    There  are  very  few  there. 

At  Daudi's  shamba  there  were  also  very  few  people.  They 
said  there  had  been  no  cases  of  sleeping  sickness  there.  They 
kucw  the  fly,  but  said  there  were  very  few  there.    I  saw  three  only. 

MusaH's  shamba. — No  sleeping  sickness  ;  a  few  flies  were 
caua'ht. 

Henery's  shamba. — No  sleeping  sickness  ;  two  flies  were  caught. 

At  Bugaki  there  had  been  six  deaths  recently  ;  two  of  them 
were  nndoiibtedly  from  pneumonia  ;  one  came  from  Baramweli, 
possibly  sleeping  sickness.  The  other  three  might  have  been 
from  sleeping  sickness,  but  the  native  description  of  syinptoms  is 
not  lucid,  and  they  undoubtedly  conceal  as  much  as  possible.  I 
saw  oiie  man  who  was  ill.  He  was  very  thin  and  had  enlarged 
gland  in  neck  ;  he  permitted  me  to  examine  his  blood — result 
negative.  It  was  most  probably  an  early  case  of  sleeping 
sickness.  Many  flies  were  found  there.  This  was  close  to  the 
Weisoka  River. 

At  Kitembe,  close  to  the  Hi-zi-zi  Rive)-,  which  runs  into  the 
NVaiga  Rivei-,  tAvo  days  from  Lake  Albert,  two  flies  were 
found  close  to  the  river,  but  there  had  been  no  sleeping  sickness 
there  and  no  deaths  during  the  last  year.  During  the  last  four 
months  all  their  dogs  had  been  dying.  They  had  excessive 
diarrhoea  and  vomitmg  and  great  emaciation ;  death  in  three  to 
four  months.  They  brought  me  one  dog  which  was  very  thin  ; 
I  took  blood-films— result  negative.  They  said  that  all  their 
puppies  had  been  dying  too.  They  brought  me  two  which  they 
had  left.  I  bought  one,  which  l'  took  along  with  me  ;  blood 
^amined,  negative,  and  he  is  aHve  and  fit  up  to  the  present  time. 
Then-  goats  and  sheep  were  well.    They  had  no  cattle. 

Matunibwa  (headquarters  of  Mwauga),  on  the  Zolia  River. 
The  Zolia  River  is  close  to  the  Waiga  River,  and  runs  into  it 
just  before  the  latter  river  runs  into  the  lake. 

5.  The  Waiga  along  both  banks  is  infested  with  fly. 

6.  The  following  are  the  villages  on  the  Zolia,  in  all  of  which 
sleeping  sickness  has  occurred  : — 

Baramweli    7  deaths  during  last  3  mouths. 

Mutumbwa    5     „         „  3 

Kitchwanti      ...       ...      o     „         „  3  " 

Villages  on  the  Waiga  River : —  '  " 

^assegi    0  deaths  duruig  lust  3  months. 

Matumbwa    5  "       "    3  " 

Kitagania    6  out  of  12  died,  " 

Kiriangandwa   12      „     30  „ 

JJjPc^-i   12      „     25  „ 

Kiswata    All  dead. 


^•^^^"'1^    All  ran  away ;  afraid  ol'  .sli;c])ii.g 

sickness  or   lions,  probably 
y   .  .  sleeping  sickness. 

••.  50  out  of  60  died. 

Kibamezi        ...       ...      5  20 

Buseswa         ...  95  An  " 

One  of  the  above  places  is  put  as  being  on  two  rivers;  it  is 
between  the  two,  and  quite  close  to  each  of  them. 

7._It  will  be  seen  from  the  above  list  that  tlievo  have  been  a 
considerable  amount  of  deaths  on  the  Waiga  and  Zolia  Rivers. 
A  good  deal  of  trouble  was  taken  in  compiling  the  above  listj 
different  headmen  being  questioned  and  theii-  answers  beint^ 
compared  to  what  others  had  said.  Mr.  Speke  interviewed  them 
again  and  again,  and  I  think  that  the  above  list  is  as  accurate  as 
it  is  possible  to  get  from  natives.  I  may  mention  here  that  Ave 
experienced  considerable  difficulty  in  getting  reliable  information 
from  the  chiefs  and  village  headmen,  and  it  was  only  after  repeated 
interviews  and  questionings  that  we  were  able  to  arrive  at  any 
definite  conclusions.  They  all  appeared  afraid  of  us  at  first,  an'd 
tried  to  conceal  as  much  as  possible.  "  Sleeping  sickness  was 
always  in  the  next  village,  but  never  in  their  own."  But,  by 
spending  a  good  deal  of  time  on  them,  I  think  we  were  able  to 
overcome  this  ])rejudice  or  timidness  to  a  very  great  extent. 

Kinyambezu. — Eight  deaths  out  of  sixty,  according  to 
Mwanga.  The  headman  denied  it.  Many  Hies.  I  saw  seven 
undoubted  cases  of  sleeping  sickness. 

Kakora. — Population  about  100  ;  five  deaths  during  the 
last  three  months,  two  of  them  due  to  slee])ing  sickness  ;  one 
undoubted  case  there  which  1  sa^v.  The  headman  does  not 
think  that  the  cases  were  infected  at  home,  but  considers  that 
the  disease  in  each  case  was  "  brought  from  Bugungu  "  Very 
few  flies. 

Kipesi. — Population  18.  Last  three  months  four  deaths. 
No  sleeping  sickness  here.  Zoila  River  about  a  mile  away. 
The  headman  said  he  knew  sleeping  sickness  very  well,  but  that 
there  never  had  been  am-  in  his  village.    No  flies. 

Mucliunda. — Population  20.  One  death  last  tliree  mouths, 
yjrobably  not  s1ec])ing  sickness.  Headman  knew  sleeping 
sickness  ;  no  cases  of  illness  there  ;  close  to  River  Nsavia,  Avhich 
runs  into  Zolia. 

Fajao  (Okello's). — Poimlation  about  30.  Okello  states  that 
tnere  never  has  been  any  sleeping  sickness  in  his  village.  He 
was  most  /jmpliatic  ;  knows  the  flics,  but  states  they  arc  only 
foimd  near  the  Nile  ;  I  could  find  no  sleeping  sickness  and  no  Hies. 

Fajao  (ferry). — Kiza,  the  chief,  stated  that  there  was  no 
sleeping  sickness  there  and  never  had  been,  whereas  Okello  told 
me  on  more  than  one  occasion  that  there  wei-e  cases  of  sleeping 
sickness  there.  Wc  found  many  flies,  and  the  mosquitoes  were 
A^ery  troublesome.    Found  no  cases  of  sleeping  sickness  there, 
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though  we  seurclied  the  huts.  Twenty  men  allowed  me  to 
examine  the  blood — result  negative.  I  am  eonvinced  that  there 
had  been  eases  of  sleeping  sickness  there,  but  we  could  find  no 
signs  of  it,  and  Kiza  most  emphatically  denied  it. 

8.  We  crossed  over  the  river  and  found  fly,  but  there  were  no 
natives  there.  We  then  proceeded  down  stream  for  two  or  three 
miles,  and  crossed  the  river  ;  there  was  a  small  village  about 
half  a  mile  inland ;  no  sleeping  sickness.  A  few  flies  on  river 
bank.  Headman  said  he  had  never  heard  of  sleeping  sickness 
on  that  side  of  the  river. 

9.  The  inhabitants  consisted  of  fishermen  only,  so  it  seems 
probable  tha,t  if  there  had  been  cases,  the  infected  men  would 
have  gone  back  to  their  own  villages  some  miles  away. 

_  10.  On  leaving  Fajao  we  went  back  to  Okello's  (Fajao),  and 
did  our  best  to  get  at  the  root  of  the  matter,  but  could  find  no 
trace  of  the  disease,  in  spite  of  several  chiefs  having  repeatedly 
told  us  that  there  were  cases  tliere.  After  leaving  Okello's  we 
went  to  Buyayi,  following  up  the  course  of  the  Victoria  Nile, 
but  some  few  miles  inland ;  we  were  unable  to  keep  along  the 
river  bank,  owing  to  the  nature  of  the  groimd,  and  the  rapids 
prevented  one  using  canoes.  Two  rivers  were  crossed,  on  tbe 
banks  of  each  of  which  fly  was  found.  The  people  of  Buyayi 
fetch  their  water  from  the  Nile  as  well,  and  flies  were  found 
there,  and  on  the  opposite  bank  no  sleeping  sickness. 

11.  At  Tanyatiki,  our  next  camp,  flies  Avere  found;  several 
sick  men  were  examined,  but  there  was  no  evidence  of  sleeping 
.sickness. 

12.  At  Gobo  we  heard  the  old  story  of  white  men  killing 
and  eating  the  natives.  The  latter,  or  many  of  them,  evidently 
believing  if  a  man  died  in  the  hospital  he  was  killed  and  eaten 
by  the  Medical  Officer  in  charge.  They  also  in  soncie  way 
connect^  vaccination  Avith  the  same  idea."  The  Collector  at 
Hoima  informed  me  that  it  Avas  difficult  to  procure  labour  on 
that  account.  We  questioned  them  considerably  about  this 
mattei-,  and  eventually  they  brought  up  a  very  old  man  Avho 
admitted  that  he  himself  had  been  teaching  this  'doctrine  among 
his  own  and  ueiglibouring  villages.  About  a  year  ago  a  medical 
officer  had  been  through  the  old  man's  village  and  had  found  his 
wife  very  sick.  The  medical  officer  had  the  Avoman  carried 
back  to  the  hospital,  and  in  due  course  sent  her  back  to  her 
husband  m  good  health  ;  on  the  natives  asking  Avhy  the  woman 
had  not  died  at  the  hospital  and  been  eaten,  the  reply  Avas,  that 
she  was  too  fat  or  too  thin.  I  think  there  is  no  doubt  that  the 
majority  of  the  natives  in  that  district  (Chiopi  country) 
"honestly"  believe  these  stories,  even  proof  like  the  above 
tailing  to  shake  their  belief.  From  this  it  will  be  seen  that  it  is 
not  easy  to  get  at  the  root  re  sleeping  sickness.  A  few  flies,  no 
sleeping  sickness  and  no  deaths  recently  at  Gobo.  At  this  place 
again,  we  heard  that  there  were  cases  of  sleeping  sickness  at 
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Okellos  (^ajao)  and  at  the  ferry.  Mr.  Speke  at  ouce  doubled 
back,  and  by  making-  forced  marches  at  niglit  reached  Okello's 
early  m  the  moruing,  obviously  taldu-  the  people  by  surprise. 
Ihe  huts  were  searched  systematically,  but  no  sleephiff  sickness 
cases  were  iound.  They  had  evidently  removed  them  some  wav 
inland  or  across  the  river,  and  had  not  yet  brought  them  back. 
At  lyaki  hies  were  found.  The  natives  denied  having  had 
sleepmg  sickness  there.  Six  sick  men  were  examined  by  me  ;  one 
_ot  them  might  have  been  an  early  case  of  sleeping  sickness  ;  glands 
m  part  of  neck  slightly  enlarged .:  very  emaciated  ;  no  other 
signs.    No  deaths  during  the  last  year. 

Todi. — A  few  flies  ;  no  sleeping  sickness  ;  no  deaths. 

Tanatwaba. — No  flies  ;  people  all  run  away. 

Fowera. — No  flies  at  first ;  on  third  day  caught  eight. 

Koki. — No  flies  ;  no  case  oE  sleeping  sickness  at  this  place. 

13.  I  was  laid  up  with  fever,  and  we  decided  to  abandon  the 
rest  of  tour  and  make  our  way  back  to  Masindi.  Nearly  the  whole 
of  this  journey  was  through  low  swampy  ground  ;  no  flies  were 
caught,  and  no  history  of  sleeping  sickness  obtakied.  I  had  a 
slight  attack  of  hajmoglobinuric  fever  when  about  35  miles  from 
Masindi,  and  so  did  not  reach  there  until  October  28th,  being 
carried  in  by  Mr.  Jervoise,  Assistant  Collector. 

14.  Kegarding  object  of  tour  : — 

(1.)  What  places  were  infected  with  fly  ? 
(1.)  See  above. 

(2.)  In  Avhat  places  there  had  been  sleeping  sickness,  and 
whether  fly  Avas  found  there  as  Avell  ? 

(2.)  Places  and  localities  enumerated  above  for  both  sleeping 
sickness  and  fly  ;  Kakoro  being  the  only  place  where  there 
was  sleeping  sickness  and  in  which  Ave  Avere  imable  to  find 
the  fly.  This  mav  have  been  owing-  to  the  Aveather,  the 
day  bemg  rather  wet  and  overcast,  unless  it  is  more 
difficult  to  capture  the  flies  ;  or  it  may  be  due,  as  the 
headman  said,  to  the  fact  that  the  patients  were  infected 
elsewhere. 

(3.)  The  nature  of  the  locality  in  which  the  fly  was  found  ? 

(3.)  Always  near  Avater.  within  250  yards,  usually  within 
50  to  60  yards.  A  dry  river  bank  with  clumps  of  bushes, 
trees,  and  grass  about ;  not  as  a  rule  if  the  grass  Avas 
very  dense,  and  no  scrub.  Where  there  Avere  many  trees 
and  it  Avas  faii'ly  dry,  as  in  the  forest  belo\\'  Fajao,  they 
were  ])lcntiful.  Where  there  was  papyrus  no  flies  were 
found  near  it ;  also  they  do  not  appear  to  like  SAA'ainpy 
ground.  On  the  River  Waiga  there  arc  plenty  of  flies, 
also  on  the  Zolia,  Avhich  runs  into  the  above,  but  the  latter 
river  is  swampy  in  part  of  its  course  ;  tall  sword-gi-ass 
aud  reeds  :  no  flies  Avere  found  here.    On  any  of  the 
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infested  rivers,  if  they  became  at  all  swampy,  no  flies  were 
found  near  by.  The  natives  informed  me  that  at  this 
time  of  the  year  there  are  never  very  many  flies  to  be 
foujid  ;  many  of  them  also  told  me  that  at  times  there  arc 
very  many  flies  found  in  the  swamps  and  around.  Mr. 
Dawe,  of  Entebbe,  also  told  me  that  he  had  seen  them  in 
mmibers  close  by  swamps,  and  that  he  had  been  "  bitten  " 
by  them  while  crossing-  swampy  places.  I  found  them 
alwa}^s  on  dry  ground  with  bushes  and  trees,  and  also 
close  to  water.  There  are  flies  on  both  sides  of  the  Nile 
below  Fajao  and  above,  but  the  further  one  gets  from  Fajao 
above,  the  less  numerous  the  flies  appear  to  get.  At  Fowera 
there  were  very  few,  and  above  that  we  found  none.  This 
is  probably  owing  to  there  being  more  papyrus,  and  the 
banks  becoming  lower  and  consequently  more  swampy. 
There  are  not  so  many  on  the  north  bank.  I  think  it 
quite  probable  that  the  flies  do  frequent  this  locality  at 
certain  times  of  the  year.  We  never  found  them  in 
banana  plantations  or  in  the  native  shambas.  All  small 
streams  running  into  the  Nile  had  fly  on  them. 
(4.)  Whether  sleeping  sickness  is  on  the  increase  or  decrease 
in  the  Bugungu  district  ? 

(4.)  This  question  is  not  easy  to  answer,  as  undoubtedly 
many  cases  were  hidden.  All  the  cliiefs  without  exception 
stated  that  it  was  decreasing. 

(5.)  If  any  means  could  be  devised  to  prevent  its  spreading 
across  the  Victoria  Nile,  by  way  of  the  ferry  at  Fajao  ? 

(5.)  A  medical  officer  might  be  stationed  at  Fajao,  to 
examine  all  caravans  before  they  crossed,  in  order  to  stop 
any  suspicious  case.  He  would  also  be  in  a  splendid  position 
for  noting  habits  and  peculiarities  of  the  fly,  &c.,  &c. 
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20.    REPOKT  ON  THE  ANATOMY  OF  THE  TSETSE- 
FLY  (GLOSS  INA  PALP  ALLS.) 

By  E.  a.  Mincjiin,  M.A.,  Professor  of  Zoology  and  Compara- 
tive Anatomy  in  University  College,  London,  late  Fellow 
of  Merton  College,  Oxford. 

[Reprinted  Jrom  Ike  Proceedings  of  the  Royal  Society, 

Series  B,  Vol.  76.] 

The  following  description  is  based  npon  dissections  and 
preparations  made  in  the  laboratory  of  the  Sleeping  Sickness 
Commission  at  Entebbe  since  my  arrival  here  at  the  beginning 
of  April.  I  hope  on  my  return  to  England  to  work  up  my 
material  into  a  detailed  memoir  on  the  anatomy  and  histology. 
Time  does  not  suffice  for  me  to  complete  my  work  out  here,  but 
it  seemed  worth  while,  nevertheless,  to  bring  forward  as  soon  as 
possible  a_  brief  description  of  the  general  anatomy  of  the  fly, 
and  especially  of  its  digestive  tract,  on  account  of  its  importance 
for  the  study  of  the  evolution  of  the  trypanosomes  of  sleeping 
sickness,  and  other  tsetse-fly  diseases,  within  the  body  of  their 
invertebrate  host. 

In  this  paper  I  do  not  propose  to  attempt  to  deal  with  either 
the  muscular  system  or  the  respiratory  tracheal  system.  The 
former  of  these  is  so  complex  that  much  more  time  would  be 
required  for  working  it  out  than  I  covdd  aiford  to  spend,  and  it 
is,  moreover,  of  little  or  no  importance  for  the  aim  in  view  ; 
while  the  tracheal  system,  or  at  least  its  finer  branches,  are  so 
intimately  connected  with  the  fat-body,  which  here,  as  in  other 
insects,  fills  up  the  body-cavity,  that  in  the  process  of  clearing 
up  and  laying  bare  the  organs,  the  trachea;  are  for  the  most  part 
removed.  Special  nuiscles  or  tracheic  will  be  inentioned  in 
j)laces,  but  otherwise  no  account  will  be  taken  of  these  two 
systems. 

The  drawings  illustrating  this  memoir  are  to  be  regarded  as 
semidiagrammatic,  but  all  details  in  thom  have  been  traced  from 
sketches  made  with  the  camera  lucida  from  actual  dissections, 
and  therefore  claim  to  be  true  to  nature  and  accurate  as  regards 
scale  and  proportions.  For  help  in  the  preparation  of  these 
drawings  I  am  much  indebted  to  my  colleague,  Mr.  F.  Tulloch, 
R.A.M.C,  Avho  also  kindly  cut  some  sections  for  me.  Mr. 
Tulloch  has  also  made  some  dissections  of  Stomo.vi/s,  comparison 
with  which  has  thrown  light  on  some  points  in  Glossina ;  Mr. 
E.  Degen,  who  came  out  Avith  me,  has  also  helped  me  in  various 
ways. 
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Since  I  have  uo  access  out  here  to  any  literature  or  works  of 
reference  dealing  with  insect-anatomy,  I  am  unable  to  make  this 
account  comparative,  or  to  state  how  far  Glossiua  differs  from 
other  Diptera  as  regards  internal  structure.  I  shall  content 
myself,  therefore,  with  describing  the  facts  observed  by  me  in 
a  purely  objective  manner. 

In  the  following  description  I  shall  employ  the  term  waist  for 
the  narrow  pedimcle  connecting  the  thorax  aud  abdomen,  and 
neck  for  the  still  narrower  connexion  between  head  aud  thorax. 

1.  The  Nervous  System  of  Glossiua,  as  of  other  Diptera,  is 
concentrated  into  two  masses,  one  situated  in  the  head,  the  other 
in  the  thorax. 

The  brain  (fig.  1)  consists  of  the  two  large  cerebral  ganglia 
(^S.  O.  G.)  giving  off  laterally  the  still  larger  optic  lobes  {Op.  /.), 
from  which  arise  the  optic  nerves.  The  dissection  of  the  brain 
and  its  nerves  is  rendered  somewhat  difficult  by  the  large  air- 
sacs,  dilatations  of  the  tracheal  system,  contained  in  the  head. 
From  the  anterior  side  of  the  cerebral  ganglia  various  nerves  are 
given  off :  first,  a  medium  nerve  of  moderate  size  to  the  three 
ocelli  (oc.  n.),  arising  from  the  furrow  between  the  two  cerebral 
ganglia,  aud  apparently  swelling  out  into  a  small  ganglion  ; 
secondly,  a  ])air  of  nerves  to  the  antennaj  arising  about  half-way 
down  the  front  of  the  brain  on  each  side  ;  thirdly,  a  pair  of  small 
nerves  which  innervate  the  muscles  of  the  pharynx,  arising  near 
the  base  of  the  brain  ;  and  lastly,  a  pair  of  nerves  to  the 
proboscis,  Avhich  arise  from  the  base  of  the  brain,  run  forward 
ventrally  to  the  pharynx,  giving  off  nerves  at  this  point  to  the 
muscles  of  proboscis,  and  finally  enter  the  bulb  of  the  proboscis, 
to  be  distributed  to  the  moiith-parts  (fig.  5,  n.  p.). 

From  the  posterior  surface  of  the  brain,  near  its  base,  the  two 
stout  connectives  (fig.  1,  Cii.)  arise,  and  pass  down  on  each  side 
of  the  greatly  narrowed  oisophagus,  after  which  they  unite 
almost  immediately  to  form  a  single  broad  baud  of  nerve-tissue, 
which  rims  back  through  the  neck  to  join  the  thoracic  ganglion- 
complex.  From  this  connective  band,  as  it  may  be  termed, 
there  arises,  immediately  after  it  enters  the  thorax,  a  slender 
pair  of  nerves,  Avhich  form  a  delicate  plexus  with  the  first 
pair  of  prothoi-ucic  nerves  arising  a  short  way  behind  them 
(fig.  1,  Cn.  II.). 

The  connective  band  often  appears  distinctly  double  at  its 
junction  posteriorly  with  the  thoracic  ganglion-mass,  which  lies 
immediately  ventral  to  the  proventriculus,  the  anterior  end  of  the 
former  beiTig  a  short  distance  behind  that  of  the  latter.  It  is  a 
mass  of  considerable  thickness  in  the  dorsoventral  direction,  and 
appears  more  or  less  pear-shaped  in  a  dorsal  view,  but  seen  from 
the  ventral  side  its  anterior  end  appears  truncated.  When 
stained,  cleared,  and  mounted  in  Canada  balsam,  it  is  seen 
distinctly  to  be  composed  of  three  pairs  of  large  ganglia  united 
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Fk;.  1.— General  Sketch  of  the  Nervous  System,  dorsal  view.  The  top  of  the  liead  is  ptished 
forward  and  downward  as  far  aw  possible,  to  sliow  the  brain.  A  portion  of  the 
cBsophagus  and  the  salivary  duets  are  also  represented,  the  salivary  inland  being  sup- 
posed to  be  turned  outwards  from  the  abdomen  and  out  off  near  the  origin  of  tho 
ducts. 

All  lettering  relating  to  the  nervous  system  has  been  placed  on  the  right  of  the  figure,  that 
referring  to  other  parts  on  the  left.  U.,  head  ;  Hi.,  thorax  ;  I— VII.,  the  segments  of  the 
abdomen  ;  Oc,  ocelli ;  E.,  Eyes  ;  (Es„  cesophagus  (cut  off) ;  S.  D.,  S.  D.,  salivary  duct ; 
W.,  origin  of  wings  ;  lilt.,  halter  ;  S.  (}.,  salivary  gland  ;  Oc. «.,  ocellar  nerve  ;  5.  O.  G.,  right 
cerebral  ganglion  ;  Op.  I.,  right  optic  lobe  ;  Cn.,  connectives  ;  On.  n.,  nerve  from  the  con- 
nective forming  a  plexus  with  :  rf.  n.,  dorsal  prothoracic  nerve  ;  i'.  pth.  ii.,  ventral 
proi/horacic  nerve  ;  d.  iii.itli.  n.,  t\  innlh.  n.,  dorsal  and  ventral  mesothoracic  nerves  :  Tli.  r., 
thoracic  ganglion  complex  ;  <l.  with,  n.,  v,  mtth.  n.,  dorsal  and  \  ontral  motathoracio  nerves  ; 
p.  abd.  n.,  paired  abdominal  nerve  ;  ni'.  ahd.  n.,  ■.ixygoa  abdominal  nerve  ;  (/.  n-.  dorsal 
branch  of  the  azygos  nerve  :  v.  a::,  it.,  ventral  branch  of  I  he  azygos  nerve  (genital  nervol ; 
pi,,  plexus  formed  by  the  genital  norvo  :  p.  n.,  nerve  to  penis. 


tog'ethcr,  corresponding  to  the  three  segments  of  tlie  thorax, 
behind  whicli  a  small  mass  of  ganglion-cells,  representing  the 
abdominal  nervous  system,  forms  the  posterior-pointed  termination 
of  the  thoracic  complex. 

From  each  of  the  thoracic  ganglionic  centres  arise  two  nerves, 
one  dorsal  and  one  ventral,  so  that  altogether  six  pairs  arise 
from  the  body  of  the  thoracic  complex,  which  are  distributed  to 
their  proper  regions  of  the  thorax.  From  the  posterior  end  of 
the  thoracic  complex  arise  three  nerves,  one  medium  unpaired, 
and  two  lateral  paired,  which  pass  backwards  into  the 
abdomen. 

The  greater  part  of  the  thorax  of  the  fly  is  a  mass  of  muscle, 
and  as  the  muscles  have  to  be  removed  in  order  to  display  the 
other  organs  m  the  thorax,  the  terminations  and  finer  branches 
of  the  nerves  are  torn  away  from  them.  Hence  it  is  impossible 
to  describe  accurately  the  destinations  of  these  nerves  without 
a  detailed  study  of  the  musculature,  which,  as  already  stated, 
I  have  not  made.  It  would  appear,  however,  that  the  three 
ventral  pairs  of  thoracic  nerves  innervate  the  legs  and  their 
muscles. 

The  dorsal  prothoracic  nerves  (fig.  1,  d.  pth.  ??.)  are  very 
slender,  and,  as  already  stated,  form  anastomosis  with  the  nerves 
fVorn  the  connectives.  The  ventral  prothoi*acic  nerves  {v.  pth.  n.) 
are  of  moderate  size. 

The  dorsal  mesothoi*acic  nerves  {d.  msth.  n.)  are  very  large, 
being  in  fact  the  stoutest  iierves  in  the  body.  They  run 
slantingly  forward,  then  curve  round  till  they  run  in  a  backward 
direction,  and  appear  to  be  distributed  to  the  wing  nmscles. 
A  small  nerve  arises  from  the  ganglion  close  behind  the  origin  of 
the  dorsal  mesothoracic  nerves,  and  runs  backwards  m  a  dorsal 
direction.  It  is  drawn  in  fig.  1,  but  not  lettered,  and  is  probably 
to  be  regarded  as  a  branch  of  the  dorsal  mesothoracic  nerve. 
The  ventral  mesothoracic  nerves  {v.  msth.  n.)  are  also  of  fairly 
large  size. 

The  dorsal  metathoracic  nerves  (d.  mtth.  n.)  are  large,  the 
ventral  ones  (?•.  mtth.  n.)  of  moderate  size. 

The  three  abdominal  nerves  run  at  first  straight  backwards, 
and  almost  parallel  to  each  other,  to  the  waist.  Before  reaching 
it  the  median  nerve  («,:.  ahd.  71.)  has  divided  into  a  smaller  dorsal 
and  a  larger  ventral  branch.  After  passing  through  the  waist 
the  two  lateral  nerves  (p.  ahd.  n.)  diverge  outwards  to  the  sides 
of  the  abdomen  and  break  up  into  numerous  branches. 

The  dorsal  branch  of  the  median  nerve  is  distributed  to  organs 
situated  dorsally  in  the  abdomen.  The  ventral  branch  of  the 
median  nerve  is  the  nerve  of  the  generative  organs.  In  the 
male  I  have  found  that  its  branches  unite  to  foi-m  a  plexus 
(fig.  \,pl.)  apparently  containing  a  small  ganglion,  which  gives 
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off  nerves  in  various  directions,  and  from  whicli  a  fairly  stout 
nerve  (p.  n.)  arises  and  follows  the  ductus  ejaculatorious  in  its 
tortuous  course,  till  it  finally  enters  with  it  the  penis,  the  muscles 
of  which  it  innervates.  In  the  female  a  similar  plexus  appears 
to  be  formed,  but  owing  to  the  dense  tangle  formed  by  the  fat- 
body,  uterine  glands,  and  Malpighian  tubules,  I  have  not 
succeeded  in  dissecting  out  its  finer  details. 

2.  The  Dif/estiva  Tract. — Since  the  proboscis,  buccal  cavity, 
and  pharynx  have  been  thoroughly  described  in  Austen's  mono- 
graph by  Hansen,  whose  account  I  can  but  confirm,  I  commence 
my  description  with  the  onsophagus.  This  ])ortion  of  the  ali- 
mentary canal  (figs.  1  and  2,  CEs.)  runs  first  of  all  in  an  upward 
direction  from  the  pharynx  (Ph.),  then  bends  sharply  round  and 
passes  backwards  through  the  brain.  The  first  portion  of  the 
(esophagus  is  dilated,  but  slightly  compressed,  appearing  of 
greater  calibre  in  a  dorsal  than  in  a  lateral  view.  Afi:er  bending 
round,  it  narrows  rapidly,  and  the  portion  which  passes  through 
the  brain  is  of  extreme  tenuity,  scarcely,  if  at  all,  of  greater 
calibre  than  the  salivary  ducts.  Behind  the  brain  the  (esophagus 
widens,  at  first  very  gradually,  then,  after  entering  the  thorax, 
more  rapidly,  till  it  joins  the  proventriculus,  into  which  it  opens 
veutrally,  breaking  through  tlae  fioor  slightly  in  front  of  the  point 
at  which  the  thoracic  intestine  arises  dorsally.  From  the  point 
at  which  the  (rsojAagus  opens  into  the  proventriculus,  the  duct 
of  the  sucking  stomach  arises. 

The  proventriculus,  which  marks  the  commencement  of  the 
mesenteron,  has  a  peculiar  and  very  characteristic  form  (fig.  2,  St.). 
Seen  from  the  dorsal  aspect,  it  appears  roughly  oblong  in  form, 
with  a  bevelled  anterior  edge,  and  the  upper  surface  more  or  less 
saddle-shaped,  i.e.,  convex  in  the  transverse  section,  concave  in 
the  longitudinal  direction.  Seen  from  below,  its  lateral  edges 
appear  wrapped  round  the  (Esophagus  and  the  duct  of  the  sucking 
stomach,  on  which  it  rides,  as  it  were.  From  the  dorsal^  side  of 
the  proventriculus,  about  the  middle  of  its  length,  arises  the 
intestine,  the  first  part  of  which  (Th.  I.)  runs  backwards  through 
the  thorax  as  a  straight  tube  of  even  calibre,  until  it  passes  the 
waist.  As  soon  as  it  enters  the  abdomen  the  intestine  swells 
and  becomes  the  strictly  digestiv(^  portion  of  the  alimentary 
canal. 

The  abdominal  intestine  is  of  great  length,  but  until  it  reaches 
the  proctodaium  it  cannot  be  divided  into  regions.  It  forms  a 
number  of  complicated  coils  in  the  abdomen,  and  for  purposes  of 
description  a  number  of  limbs  may  be  distinguished,  each  limb 
separated  from  the  one  next  following  by  a  more  or  less  sharp 
bend  (figs.  2  and  3). 

The  first  limb  (1)  runs  backwards  along  the  abdomen  in  a 
dorsal  situation,  curving  first  slightly  to  the  right,  then  more 
strongly  to  the  left,  until  it  reaches  the  fifth  segment^  where  a 
sharp  bond  takes  place  forwards  in  a  ventral  direction.  The 
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Fxo.  2.— General  View  of  the  Digestive  Tract,  as  seen  in  dorsal  view  without  disturbing 
its  parts.  The  heart  and  overlying  trachose  and  fat-body  are  removed  in  the 
abdomen,  also  ihe  muscles  in  the  thorax,  and  the  brain  and  other  parts  of  the  nervous 
system  are  omitted  from  the  drawing.  The  head  is  turned  round  to  the  left,  in  order 
to  stiow  the  pharynx,  etc., in  three-quarter  side  view. 

Ph.,  pharynx  ;  CKs.,  oesophagus  (the  portion  which  passes  through  tlie  brain  being 
represented  with  a  dotted  outline) ;  St.,  proventrioulus  ;  Th.  I.,  thoracic  intestine,  pulled 
over  to  the  right,  in  order  to  show  the  duct  of  the  sucking  stomach  lying  beneath  it  • 
S.  D.,  sahvary  duct ;  D.S.  St.,  duct  of  ;  S.  St.,  the  sucking  stomach  :  S.  O.,  salivary  gland 
(that  on  the  right  is  drawn  from  a  specimen  in  which  the  gland  was  more  devoloped 
than  in  the  case  of  that  drawn  on  the  left) ;  1—13,  limbs  of  the  abdominal  intestine  (see 
tig.  3) :  B.,  Bectum.  Other  letters  as  in  the  preceding  figure. 
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second  limb  (2)  curves  round  from  left  to  right,  running  first 
anteriorly,  then  transversely,  and  lastly  in  a  posterior  direction. 
It  is  more  ventral  in  situation,  being  placed  below  some  of  the 
succeeding  coils.  The  third  limb  (3)  is  short,  and  runs  straight 
forward  on  the  right  side  from  the  fifth  to  the  third  segment. 
Not  visible  in  fig.  2,  its  position  is  indicated  in  fig.  3.  The 
fourth  limb  (4)  turns  at  right  angles,  and  runs  transversely  across 


Fig.  3. — Diagram  to  show  the  various  Umbs  (1-13)  of  the  abdominal  intestine, 
and  their  arrangement  in  the  abdomen.  The  asterisk  *  denotes  the  point 
at  which  the  Malpighian  tubules  arise  in  the  tenth  limb. 

the  body  in  the  third  segment,  passing  back  a  short  distance  into 
the  fourth.  The  fifth  limb  (5)  turns  sharply  back  on  the  fourth 
and  runs  dorsally  to  it  across  the  body  again  in  the  third  segment. 
The  sixth  limb  (6)  turns  back  at  a  right  angle  and  runs  back  on 
the  right  side  of  the  body  from  the  third  to  the  sixth  segment. 
The  seventh  limb  (7)  turns  sharply  forwards,  then  curves  round 
in  a  roughly  semi-circular  course  in  the  third  segment,  and  finally 
runs  backwards  on  the  left  sidi'  as  far  as  the  fifth  segment.  The 
fifth,  sixth,  and  seventh  limbs  form  together  a  well-marked  loop, 
lying  superficially,  which  is  generally  the  most  dilated  portion  of 
the  iniestine  and  represents  the  true  stomach.  The  eighth  limb 
(8)  bends  sharply  forwards  and  downwards,  and  runs  deep  on  the 
left  side  from  the  fifth  to  the  third  segment.  The  ninth  limb  (9) 
bends  at  right  angles  and  runs  at  first  transversely  in  Ihe  third 
segment,  then  curves  back  into  the  fourth,  then  forwards  again 
into  the  third  segment.  The  tenth  limb  (10)  runs  backwards 
along  the  right  side  of  the  body  from  the  third  to  the  sixth 
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segment,  and  in  the  fifth  segment  gives  off  the  Malpighian 
tubules  (*,  fig.  3),  so  that  from  this  point  the  gut  must  be 
regarded  as  proctodfcum.  The  eleventh  limb  (11)  runs  from 
rio-ht  to  left  in  a  semicircular  curve  occupying  the  fifth  and  sixth 
segments.  From  the  origin  of  the  Malpighian  tubules  to  the  end 
of  the  eleventh  limb  the  gut  is  of  small  calibre,  and  may  be 
called  the  ileum.  The  succeeding  portion  is  thicker,  and  may  be 
called  the  colon.  It  lies  in  the  fifth  and  sixth  segments,  and 
forms  the  twelfth  and  thirteenth  limbs  (12,  13),  both  short  and 
sharply  bent  one  on  the  other.  The  ileum  and  colon  lie  dorsally 
in  the  body,  and  the  colon  passes  into  the  capacious  rectum  (i?.), 
which  has  four  rectal  glands  (fig.  5,  r.  gl.)  each  supplied  by  a 
bunch  of  small  tracheas. 

The  appendages  of  the  digestive  tract  are  the  salivary  glands, 
the  sucking  stomach,  and  the  Malpighian  tubules. 

The  salivary  glands  (fig.  2,  iS".  G.)  comnience,  starting  from 
their  distal  ends,  as  two  long  tubes,  much  coiled,  and  occupying 
a  very  superficial  dorsal  position  in  the  abdomen  on  each  side  of 
the  heart,  above  the  alary  muscles.    Very  transparent  in  the 
fresh  condition,  the  salivary  glands  become  glistening  white  in 
colour  when  put  in  alcohol.    Only  trachea?  and  fat-body  come 
between  them  and  the  dorsal  body-wall.    The  coils  of  the  tubes 
extend  back  as  far  as  the  fourth  or  fifth  abdominal  segment,  but 
the  distal  extremity  of  the  gland  may  lie  further  forward  than 
this.    With  many  twists  and  turns  the  tubes  run  forward  to  the 
waist  and  then  pass  into  the  thorax,  at  the  same  time  diminishing 
rapidly  in  calibre,  straightening  out  their  coils,  and  descending 
to  the  ventral  side  of  the  body.    From  this  point  the  salivary 
gland  becomes  the  salivary  duct  (figs.  1  and  2,  S.  D.).    The  two 
ducts  run  a  parallel  course  through  the  thorax,  on  a  level  with 
the  duct  of  the  sucking  stomach,  and  on  each  side  of  it,  passing 
under  the  proventriculus  and  above  the  thoracic  glanglion  (figs.  1 
and  2).    When  they  reach  the  neck,  the  salivary  ducts  become 
so  extremely  attenuated  that  their  course  through  the  head  is 
very  difficult  to  follow.    As  they  enter  the  neck  the  ducts  curve 
over  towards  each  other,  and  pass  tmder  the  connective  nerve- 
band,  thus  parting  company  from  the  oesophagus,  which  passes 
above  the  connective.    The  ducts  pass  under  the  brain  and  then 
under  the  pharynx. 

If  the  head  of  a  fly  be  examined  from  below,  there  will  be 
found,  immediately  behind  the  bulb  of  the  proboscis,  an  area 
covered  by  soft  flexible  integument,  which  recalls  the  soft  skin  at 
the  base  of  a  parrot's  beak,  and  has  a  similar  function,  that  is  to 
say,  to  allow  free  play  for  the  movements  of  the  proboscis. 
When  the  proboscis  is  bent  down,  in  the  attitude  it  assumes  when 
the  fly  is  drawing  blood,  the  soft  skin  forms  a  fold  over  the  bulb, 
and  when  the  proboscis  points  forward,  in  the  attitude  of  repose, 
enclosed  in  the  sheath  formed  by  the  two  palpi,  then  the  soft 
integument  is  stretched.    If  this  flexible  skin  be  removed,  a  cavity 
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is  exposed  lying  below  the  pharynx  (fig.  4,  Ph.)  across  which 
run  the  nerves  to  the  proboscis  ^n.  p.),  a  pair  of  retractor  muscles 


i 


Fig.  4. — Dissection  of  Pharynx,  Proboscis,  Salivary  Ducts,  etc.,  ventral  view. 

P.,  proboscis ;  7?i.,  soft  integument  cut  away  behind  the  bulb  of  the  pro- 
boscis ;  dp.  m.,  depressor  muscle  of  the  proboscis  ;  r.  m.,  retractor  muscles  ; 
P/t.,  pharynx  ;  Ph.  tu.,  chitinous  wings  of  the  pharynx  ;  Ph.  c,  membranous 
continuation  of  the  ventral  wall  of  the  pharynx,  to  which  the  retractor 
muscles  are  attached  ;  n.  nerve  to  the  proboscis  ;  ffi's.,  oesophagus  ;  S.  Z)., 
salivary  duct. 

uniting  anteriorly  (?•.  m.)  and  the  two  delicate  salivary  ducts 
{S.  D.).  The  last-named  remain  perfectly  distinct  and  separated 
from  one  another  until  they  pass  dorsally  to  the  median  muscle 
formed  by  the  two  united  retractors.  A  stained  preparation, 
Avhich  I  have  cleared  and  mounted  in  Canada  Balsam,  shows  the 
two  ducts  uniting  into  a  single  duct  above  this  muscle.  In 
Stomoxi/s,  according  to  Hansen's  description,  the  two  salivary 
ducts  unite  into  a  median  duct  much  further  back  than  I  have 
found  to  be  the  case  in  Glossina.  Hansen,  it  may  be  noted  in 
passing,  speaks  always  of  the  thoracic  salivary  gland,*  but  in 
Glossina  these  glands  are  not  thoracic,  and  in  Stomoxys  they  are 
partly  abdominal.  The  immensely  powerful  muscles  of  flight, 
filling  up  the  thorax,  are  probably  the  cause  of  the  glands  being 
shifted  back  into  the  abdomen.  To  follow  the  further  course  of 
the  salivary  duct  after  it  enters  the  proboscis,  sections  would  be 
required,  which  I  have  not  made,  since  Hansen  has  already 
described  the  duct  as  opening  on  the  hypopharynx,  as  in  all 
other  insects. 

The  sucking  stomach  is  morphologically  a  ventral  diverticulum 
of  the  hinder  end  of  the  oesophagus,  which  is  placed  in  the  two 
anterior  segments  of  the  abdomen,  its  connection  with  the 
oesophagus  being  drawn  out  into  a  long  slender  duct  traversing 


*  Austen  also  states  ("  Monograph,"  p.  35)  that  "  the  salivary  gland  [of 
Dii)tera]  ...  is  always  situated  in  the  thorax."  (The  italics  are 
Austen's.) 
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the  thorax.  The  sucking  stomach  in  the  ordinary  condition  of 
the  fly  is  filled  with  gas,  but  shortly  after  feeding  it  is  found 
filled  with  blood. 

The  duct  of  the  sucking  stomach  arises,  as  already  stated 
above,  from  the  oesophagus,  at  the  point  at  which  the  latter 
communicates  with  the  proventriculus,  in  such  a  way  as  to 
appear  as  a  direct  continuation  of  the  oesophagus,  the  opening 
into  the  proventriculus  having  rather  the  appearance  of  a 
dorsally-directed  diverticulum.  At  the  point  where  the  com- 
munication with  the  proventriculus  occurs,  the  sides  of  the 
proventriculus  are  folded  down  ventrally  so  as  to  wrap  completely 
round  the  duct,  meeting  below  it,  and  froming  a  complicated 
system  of  cavities  into  which  the  fat-body  intrudes. 

When  the  duct  passes  the  waist,  it  expands  rapidly  to  become 
the  capacious  sucking  stomach  (figs.  2  and  5,  S.  St.),  which  has 
delicate  walls,  provided  with  a  layer  of  striped  muscles  disposed 
irregularly. 

The  Malpighian  tubviles  (M.  t.,  M.  t.,  fig.  5)  arise  by  a  pair  of 
main  stems  given  off  from  opposite  sides  of  the  10th  limb  of  the 
abdominal  intestine.  Each  of  these  stems  very  soon  divides  into 
two  again.  In  Glossina  these  tubules  are  excessively  long,  and 
so  entangled  with  the  fat-body  and  other  organs  that  it  is  im- 
possible to  unravel  them  for  their  whole  length,  but  since  they 
are  never  observed  to  branch  again,  after  their  origin  from  the 
two  main  stems,  it  may  be  inferred  that,  as  in  other  Diptera, 
there  are  in  all  four  Malpighian  tubules,  disposed  in  this  case  in 
two  couples,  each  couple  coming  off  from  a  common  stern. 
When  the  dorsal  integument  of  the  abdomen  is  removed,  it 
can  generally  be  observed  without  difficulty  that  two  of  the 
Malpighian  tubules  have  thickened  terminations,  which  lie  close 
alongside  the  heart  in  the  pericardial  sinus  right  and  left.  In 
some  specimens  of  Glossina  these  two  tubules  are  not  conspicu  ■ 
ously  thickened,  but  their  position  is  constant.  In  no  case  do 
they  exceed  the  salivary  glands  in  thickness.  It  is  evident  that 
these  two  tubules  must  be  of  physiological  importance  for 
purifying  the  blood  in  the  pericardial  sinus.  Mr.  TuUoch  has 
found  in  Stomoxys  the  same  two  pericardial  Malpighian  tvibules, 
thickened  to  such  an  extent  as  to  greatly  exceed  in  calibre  the 
salivary  glands.  Mr.  Tulloch  also  foimd,  and  I  was  able  to 
confirm  his  observation,  that  the  two  pericardial  tubules  of 
Stomoxys  were  a  couple,  arising  both  from  one  of  the  two  stems 
on  one  side  of  the  gut.  The  Malpighian  tubules  being  much 
shorter  in  Stomoxys  than  in  Glossina,  it  was  possible  to  dissect 
out  the  two  pericardial  tubules  of  the  former  as  far  as  their 
common  origin  from  the  gut,  at  which  point  they  were  detached, 
stained,  and  mounted  in  Canada  Balsam,  thus  putting  this  Some- 
what unexpected  result  beyond  all  doubt.  Whether  the  two 
pericardial  Malpighian  tubules  of  Glossina  are  also,  like  those 
of  Stomoxys,  a  couple  with  a  common  origin,  cannot  be  stated 
with  complete  certainty,  but  it  seems  at  least  highly  probable. 
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The  morphological  significance  of  this  fact  is,  perhaps,  that  the 
two  common  stems  of  the  Malpighian  tubules  are  not  to  be 
considered  as  arising  right  and  left  from  the  gut,  but  as  dorsal 
and  ventral  in  origin.  I  have  not  succeeded  in  finding  the  distal 
extremities  of  the  two  remaining  tubules,  but  they  appear  to 
pa<3S  down  towards  the  ventral  side  of  the  abdomen  and  to  be 
entangled  with  the  genital  organs,  the  dissection  of  which  they 
help  to  render  difficult. 

_  3.  The  Genital  Organs  lie  in  both  sexes  close  to  the  ventral 
side  of  the  body  in  the  hinder  segments  of  the  abdomen. 

The  male  organs  (fig.  5)  consist  of  two  pairs  of  tubes,  greatly 
convoluted  for  a  whole  or  a  part  of  their  course,  which  open  all 
together  into  an  unpaired  tube,  the  ductus  ejaculatorius,  which 
in  its  turn  passes  to  the  external  organs  of  generation  and  opens 
on  the  penis. 

Commencing  with  the  paired  portions  of  the  male  apparatus, 
it  is  observed  that  the  two  tubes  on  either  side  differ  markedly 
from  one  another.  One  pair,  placed  most  posteriorly,  is  tightly 
wound  and  has  the  coiled  portion  pigmented.  The  other  pair, 
more  anterior,  forms  a  looser  coil  and  is  without  any  pigment. 
I  identify  the  former  as  the  testes,  the  latter  as  the  vesiculaj 
seminales. 

Each  testis  commences  with  a  delicate  white  filament  (t.f.), 
embedded  in  the  fat-body  and  difficult  to  trace.  I  have  not 
succeeded  in  finding  where  the  free  end  of  the  filament  is 
attached  ;  in  dissections  it  appears  to  be  loose.  The  filament 
passes  on  into  the  tightly  coiled  pigmented  tube,  which  forms  a 
couspicuous,  compact,  brown  body,  the  testis  (T.).  In  one 
dissection  I  succeeded  accidentally  in  uncoiling  the  testis  by 
pulling  inadvertently  on  the  filament  when  trying  to  remove  the 
fat-body.  It  was  then  seen  that  each  testis  is  a  whitish  coiled 
tube  enveloped  in  a  pigmented  brown  coat,  which  crumbles  easily 
into  a  brown  powder.  In  specimens  that  have  been  long  in 
alcohol  also  the  pigmented  coat  often  sticks  to  the  surrounding 
fat-body  and  comes  away  from  the  testis.  The  proximal  part  of 
the  testicular  tube  is  dilated  and  forms  the  testis  proper ;  the 
distal  portion  is  of  smaller  calibre  and  more  tightly  coiled, 
forming  an  epididymis,  from  which  the  tube  is  continued  as  the 
vas  deferens  (F.  d.).  The  latter  is  a  white,  straight,  or  but 
slightly  sinuous  tube.  The  brown  pigment  of  the  testis  is 
continued  a  very  short  way  down  the  vas  deferens,  and  ends 
abruptly. 

Each  vesicula  seminalis  ( V.  s.)  is  a  white  tube,  commencing 
with  a  blind  end.  A  short  distance  from  the  commencement  the 
tube  is  slightly  thickened  for  a  short  distance.  There  is  nothing 
to  bind  the  coils  together,  nor  any  pigment,  as  in  the  testis. 
Distally  the  tube  straightens  out  to  open  into  the  unpaired  duct 
of  the  generative  system. 
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Fig.  5. — Dissection  of  the  Abdomen,  showing  the  Abdominal  Intestine 
unravelled  and  turned  over  to  the  left  side,  and  the  Male  G  enitaUa  in  suti 
in  the  Abdomen. 

S.  St.,  sucking  stomach  ;  1—13,  the  limbs  of  the  intestine,  as  indicated  in 
the  two  previous  figures  ;  M.  t.,  M.  t.,  Malpighian  tubules  ;  R.,  rectum  ; 
r.f/l.,  rectal  glands  ;  An.,  anus  ;  T.,  testis  ;  t.  /.,  testicular  filament  ;  V.  d.,  vas 
deferens  ;  v.  s.,  v.  s.,  vesiculae  seminales,  that  on  the  left  in  its  natural  coil, 
that  on  the  right  unravelled  ;  D.  e.  ductus  ejaculatorius  ;  Pyrj.,  hypo- 
pygium  ;  v.  az.  n.,  branches  of  the  ventral  azygos  nerve  (genital  nerve)  ; 
p.  n.,  nerve  to  penis,  following  the  ductus  ejaculatorius. 

The  ductus  ejaculatorius  (D.  cj.)  has  at  its  commencement  a 
slight  dilatation,  into  which  open  the  four  tubes  just  described. 
From  this  point  the  ductus  runs  a  very  short  way  l..ackwards, 
then  curves  sharply  forwards,  but  soon  turns  back  again,  passes 
across  to  the  left  side  of  the  body,  and  forms  a  loop  round  the 
rectum,  coming  forward  on  the  right  to  pass  into  the  penis, 

The  various  parts  of  the  male  generative  organs  are  innervated, 
as  already  described,  by  a  nerve  plexus  formed  from  the  a7>ygos 
abdominal  nerve.  There  appears  to  be  a  small  ganglionic 
swelling  on  the  doctus  ejaculatorious,  whence  arises  a  nerve  (p.  n.) 
which  follows  the  ductus  in  its  course  to  the  penis. 

The  external  organs  of  generation  are  concealed  beneath  the 
hypopygium.  The  penis  is  an  organ  of  complicated  structure 
and  mechanism,  with  an  armature  of  hooks,  spines,  hairs,  and 
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semaphore-like  erectile  flaps,  which  would  require  so 
figures  to  make  their  arrangement  and  relations  clear, 
refrain  at  present  from  attempting  any  description  of  them. 

The  female  genital  organs  differ  considerably  in  appearance 
according  as  they  are  in  the  gravid  or  non-gravid  condition.  In 
the  course  of  my  dissections  I  have  only  found  one  female  in  tlic 
latter  state.  In  the  later  periods  of  gestation  the  condition  of  tlie 
female  is  obvious  externally,  but  females  Avhich  do  not  appear  to  be 
gravid  are  found  on  dissection  to  have  a  small  larva  in  the  uterus. 

The  female  organs  (fig.  6)  consist,  like  the  male,  of  paired  and 
unpaired   portions.     The   former   comprise   the   ovaries,  the' 
receptacula  seminis  and  their  ducts,  and  the  uterine  glands  ;  the 

Fig.  6  Fig. 


retrut. 


ov.l  f- 


c.d.gl. 


-piG.  6.— The  Hinder  Segments  of  the  Abdomen  with  the  Female  (lenital 
Organs  in  situ,  dorsal  view. 
rcc.  sem.,  receptacula  seminis  ;  ov.  r.,  ov.  Z.,  right  and  left  ovarioles  ;  d.  rec, 
duct  of  the  right  receptaculum  seminis  ;  gl.  ul.,  uterine  glands  (the  greater 
number  of  these  have  been  removed)  ;  c.  d.  gl.,  their  common  duct ;  relr.  uL, 
retractor  muscle  of  the  uterus;  Od.,  oviduct;  Ut.,  uterus;  L.,  hinder 
extremity  of  the  larva,  causing  a  bulge  in  the  uterus  ;  ;jco.  protractor 
uteri,  attached  to  the  chitinous  plate  {Ch.  1)  ;  »».  vag.,  muscle  (dilator, 
vaginae  ?)  passing  from  the  vagina  to  the  tergum  of  the  seventh  abdominal 
segment  ;  m.  v.,  muscle  passing  from  the  paired  chitinous  plate  {(.h.  I)  on 
each  side  of  the  vulva  to  the  seventh  tergum  ;  Faj/.,  vagina  ;  I'  .  vulva,  the 
anterior  margin  of  which  is  shown  by  a  dotted  line  ;  Aru,  anus ;  Ui.  1,  vn.  i, 
paired  chitinous  plates. 

Fig.  7.— The  Ovarioles  and  Oviduct  of  a  Non-gravid  Female. 
a  ov  apex  of  right  ovariole  ;  other  letters  as  in  the  preceding  figure.  The 
very  large  ovum  in  the  right  ovariole  has  pushed  the  oviduct  over  towards 
the"  left  side  of  the  body. 

latter  are  the  oviduct,  uterus,  and  vagina.  The  female  system  of 
organs  is  considerably  modified  from  the  condition  usually  found 
in  insects,  in  relation  to  the  fly's  peculiar  method  of  reproduction. 
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The  ovaries  are  reduced  to  a  single  pair  of  ovarian  tubes  oi' 
ovarioles,  one  on  each  side  of  the  body  (figs.  6  and  7,  ov.  r.,  ov.  L). 
Each  ovariole  shows  only  a  small  number  of  egg-chambers,  not 
more  than  four  or  five.  The  lowest  chamber  is  very  much  larger 
than  any  of  the  others,  and  contains  a  large  ovum.  When  this 
ovum  is  comparatively  small,  the  other  egg-chambers  are  in  a 
line  with  it  (fig.  6,  ov.  r.),  but  as  the  ovum  grows  larger  it  grows 
past  the  other  egg-chambers,  so  that  they  appear  attached  to  the 
side  of  the  ovum  (fig.  6,  ov.  I.,  fig.  7,  ov.  l,  ov.  r.). 

The  two  ovarioles  are  always  asymmetrical,  owing  to  the  fact 
that  the  ova  in  the  lowest  egg-chambers  reach  full  growth  on  each 
side  alternately,  so  that  if  there  is  a  large  ovum  on  the  left,  there 
will  be  a  smaller  one  on  the  right,  and  vice  versa.  The  largest 
ovum  I  have  seen  was  from  a  non-gravid  female  (fig.  7,  ov.  r.), 
and  was  probably  nearly,  if  not  quite,  full-sized. 

The  two  ovarioles  open  into  the  short,  broad  oviduct  (figs.  6 
and  7,  Off.),  which  widens  out  at  its  lower  end  to  open  into  the 
uterus  slightly  behind  the  proximal  end  of  the  latter. 

At  its  distal  expanded  end  the  oviduct  receives  _  right  and  left 
the  two  ducts  (d.  rec.)  of  the  receptacula  seminis.  The  latter 
{rec.  sem.)  are  small  spherical  bodies  of  a  bright  orange-yellow 
colour,  surrounded  by  a  whitish,  transparent  envelope.  Examina- 
tion of  the  receptacula  stained  and  mounted  in  Canada  balsam 
shows  that  the  clear  envelope  is  an  epithelium  of  large  cells, 
surrounding  a  thick  chitinous  membrane  which  gives  these  organs 
their  peculiar  colour,  and  which  is  too  opaque  for  the  contents  to 
be  seen  except  in  sections,  by  which  method  the  receptacula  are 
seen  to  be  filled  with  spermatozoa.  The  two  receptacula  are 
firmly  attached  to  one  another.  From  each  comes  off  the  slender 
white  duct,  slightly  convoluted.  The  ducts  are  perfectly  distinct 
from  one  another,  and  open,  as  described  above,  into  the  lower 
end  of  the  oviduct. 

Immediately  below  the  opening  of  the  oviduct  into  the  uterus, 
a  small  tube  debouches  into  the  latter  by  a  median  dorsal 
aperture.  This  is  the  common  duct  of  the  uterine  glands  (figs.  6 
and  7,  c.  d.ffl).  After  a  short  course  it  branches  right  and  left 
into  tubes,  which  branch  again  repeatedly,  forming  a  great 
number  of  glandular  tubes,  which  differ  markedly  in  the  gravid 
and  the  non-gravid  condition.  In  the  latter  state  the  gland-tubes 
are  relatively  few  and  very  slender.  In  the  gravid  condition,  on 
the  other  hand,  the  tubes  are  very  numerous,  forming  a  tightly 
packed  mass  filling  up  the  posterior  end  of  the  abdomen,  and 
requiring  to  be  pulled  away  to  show  the  other  parts  of  the 
generative  system ;  further,  the  individual  tubes  are  much 
thicker,  and  when  stained  and  mounted,  they  take  up  the  stain 
very-  deeply  and  appear  very  opaque.  There  can  be  no  doubt 
that  these  glands  serve  for  the  nourishment  of  the  larva  in  the 
uterus. 

The  uterus  ( Ut.)  is  a  large  thimble-shaped  organ  attached  to 
the  body-wall  by  a  number  of  muscles.   Two  retractors  (rctr.  ut.) 
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run  forwards  from  the  proximal  end.  There  are  two  pairs  of 
protractors,  one  dorsal,  the  other  ventral ;  the  former  (p?  •0.  ut.) 
start  from  the  sides  of  the  uterus  and  pass  backwards  to  a  pair 
ot  chitinous  plates  {Ch.  1)  at  the  posterior  end  of  the  body, 
i  he  wall  of  the  uterus  is  beset  by  a  very  large  number  of  small 
tracheal  tubes  (not  shown  in  the  figure),  and  is  thick  in  the  non- 
gravid  condition,  but  becomes  thinner  when  stretched  by  the 
growth  of  the  contained  larva.  In  all  gravid  uteri  that  I  have 
seen,  the  two  papilla>  at  the  hinder  end  of  the  larva  cause  a  bulge 
m  the  lower  end  of  the  uterus  (tig.  6,  L.).  When  the  larva 
reaches  a  certain  size,  the  rings  of  its  segments  become  plainly 
visible  through  the  wall  of  the  uterus  ;  they  could  not  be  seen  in 
the  uterus  drawn  in  tig.  6,  but  in  another,  slightly  larger,  they 
could  be  seen  distinctly. 

The  vagina  (tig.  6,  Vag.)  is  a  broad  tube,  considerably  longer 
in  the  non-gravid  than  in  the  gravid  condition,  with  a  pair  of 
dilator  muscles  {m.  vag.)  which  are  attached  right  and  left  just 
below  its  junction  with  the  uterus,  and  pass  outwards  to  be 
attached  to  the  anterior  margin  of  the  tergum  of  the  seventh 
abdominal  segment.  The  vagina  widens  out  slightly  as  it 
approaches  the  vulva  ( V.),  which  is  a  crescentic,  transversely 
elongated  aperture,  separated  from  the  anus  by  a  small  chitinous 
plate  (  Ch.  2),  one  of  a  pair  from  which  two  muscles  {m.  v.)  arise 
and  pass  outwards  to  be  attached  to  the  seventh  tergum,  a  little 
way  behind  the  attachment  of  the  vaginal  muscles  already  men- 
tioned. These  muscles  probably  act  as  dilators  of  the  vaginal 
aperture,  and  the  five  pairs  of  muscles  described  in  the  preceding 
lines  are  to  be  regarded  as  constituting  the  mechanism  of 
parturition, 

4.  The  Vascular  System  consists  of  the  heart,  in  the  abdomen, 
and  its  continuation,  the  thoracic  aorta,  in  the  thorax. 

The  heart  occupies  the  five  anterior  segments  of  the  abdomen, 
and  is  situated  dorsally  immediately  below  the  plates  of  the  terga. 
It  is  so  imbedded  in  the  fat-body  and  pericardial  tissue  that  not 
much  can  be  made  out  of  its  structure  by  dissection  alone,  and 
examination  of  it  mounted  as  a  preparation  for  the  microscope  is 
necessary.  It  can  then  be  seen  to  have  five  chambers,  each  with 
a  pair  of  ostia  and  a  pair  of  alary  muscles,  corresJ)onding  to  the 
segments  in  which  it  lies.  The  alary  muscles  pass  out  at  right 
angles  to  the  axis  of  the  heart,  and  can  be  traced  through  the 
fat-body  to  their  attachments  at  the  external  laternal  margins  of 
the  tergal  plates. 

The  hindermost  chamber  of  the  heart  appears  to  end  blindly 
posteriorly.  A  little  way  in  front  of  the  hinder  end  are  attached 
the  two  large  alary  muscles,  the  largest  of  the  whole  series  ;  not 
far  in  front  of  these  again  are  the  two  ostia,  on  the  sides  of  the 
widest  part  of  the  chamber.  In  front  of  the  ostia  the  lumen  ot 
the  heart  narrows  rapidly,  and  to  the  narrowed  portion  is  attached 
the  next  pair  of  alary  muscles,  lying  in  the  hinder  part  of 
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segment  IV.  This  arrangement  is  continued  in  segments  II., 
HI.,  and  IV.,  the  dilated  portion  of  the  chamber,  with  the  ostia, 
occupying  the  middle  of  the  segment,  while  the  alary  muscles, 
attached  to  the  constrictions  between  the  chambers,  lie  in  the 
posterior  regions  of  the  segments.  The  alary  muscles  of  these 
three  segments  are  of  moderate  size.  In  segment  II.  the  heart 
receives  a  pair  of  tracheal  tubes,  right  and  left,  which  come  to  it 
opposite  the  ostia,  and  fork  at  once  into  branches  running 
forwards  and  backwards.  The  alary  muscles  corresponding  to 
the  first  abdominal  segment  are  very  small  and  difficult  to  make 
out,  and  the  region  of  the  heart  to  which  they  are  attached  does 
not  show  the  slightest  diminution  or  constriction  of  its  lumen,  as 
is  the  case  in  all  the  chambers  posterior  to  it.  In  front  of  the 
first  pair  of  alary  muscles,  at  the  usual  interval,  are  the  two  ostia, 
q^uite  similar  to  those  of  the  other  chambers.  In  front  of  the 
first  pair  of  ostia  the  lumen  of  the  heart  narrows  to  form  a  thin- 
walled  vessel,  which  passes  through  the  waist  to  become  the 
artery  which  I  have  termed  above  the  thoracic  aorta.  This  last 
runs 'along  the  thoracic  intestine  on  its  dorsal  side,  and  is 
continued  over  the  proventriculus,  remaining  apparently  quite 
independent  of  the  digestive  tract,  and  only  loosely  attached  to 
it,  until  it  reaches  the  oesophagus.  Here  it  is  firmly  attached  and 
becomes  considerably  dilated.  A  short  distance  in  front  of  the 
proventriculus  a  conspicuous  cushion-like  mass  of  large  cells  lies 
over  the  aorta.  At  first  I  took  this  structure  for  a  ganglion,  but 
it  appears  to  be  a  sort  of  lymphatic  gland,  judging  from  its 
appearance  in  sections.  The  thoracic  aorta  is  apparently  con- 
tinued through  the  neck  into  the  head,  but  I  have  not  been  able 
to  follow  its  course  further  than  the  thorax. 

The  microscopic  examination  of  the  heart  shows  further  that 
its  floor  is  composed  chiefly  of  fusiform  cells  resembling  unstriped 
muscle-fibres,  while  its  sides  are  made  up  of  gigantic  cells  with 
nuclei  of  corresponding  proportions.  These  cells  are  arranged 
with  perfect  regularity,  and  in  a  manner  exactly  similar  on  the 
two  sides  of  the  heart.  Each  ostium  is  formed  by  two  cells,  which 
are  of  small  size  when  compared  with  the  huge  cells  building 
up  the  wall  of  the  heart,  but  are  very  large  when  compared 
with  the  cells  of  the  surrounding  tissues.  Two  of  the  giant  cells 
intervene  on  each  side  between  the  hinder  end  of  the  heart  and 
the  fifth  pair  of  alary  muscles  ;  two  more  between  these  muscles 
and  the  ostia  next  in  front  of  them ;  and  so  on  with  unfailing 
regularity  all  the  length  of  the  heart,  each  ostium  being  separated 
from  the  alary  muscles  next  in  front  or  behind  by  just  two  giant 
cells.  In  front  of  the  first  pair  of  ostia  are  found  two  cells  of 
the  usual  size  on  each  size,  then  a  pair  of  slightly  smaller  cells, 
which  pass  on  into  the  walls  of  the  thoracic  aorta.  Thus,  not 
counting  the  ten  couples  of  smaller  cells  which  compose  the  five 
pairs  of  ostia,  the  entire  wall  of  the  heart  is  built  up  of  23  pairs 
of  giant  cells ;  to  wit,  four  pairs  to  each  of  the  five  chambers, 
two  additional  pairs  behind  the  fifth  pair  of  alary  muscles,  and 
one  pair  anteriorly,  making  the  transition  to  the  thoracic  aorta. 
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.  In  view  of  the  fact  that  the  thoracic  vessel  is  itself  to  be  con- 
sidered as  a  modified  anterior  portion  of  the  heart,  it  is  interesting 
to  find  that  its  delicate  wall  contains  very  large,  flattened  nuclei, 
arranged  in  pairs,  right  and  left. 

The  alary  muscles  consist  of  delicate  fibrils,  arranged  in  an 
irregular  fan-like  manner,  uniting  into  a  stout  muscle-fibre  which 
is  distinctly  striated. 


21.  GLOSSINA  PALPALIS  IN  ITS  RELATION 
TO  TRYPANOSOMA  GAMBIENSE  AND 
OTHER  TRYPANOSOMES  {Prelimmary  Report). 

Br  E.  A.  MiNCHiN,  M.A.,  Professor  of  Protozoology  in  the 
University  of  London,  Lieut.  A.  C.  H.  Gray,  R.A.M.C, 
and  the  late  Lieut.  F.  M.  Gr.  TuLLOCii,  R.A.M.C. 
(Sleeping  Sickness  Commission). 

^Reprinted  from  Proceedings  of  the  Royal  Society, 

Series  B,  Vol.  78.] 

[Plates  1-3.] 

In  this  paper  we  propose  to  give  a  brief  statement  of  the 
results  obtained  by  us  with  reference  to  the  relation  of  the 
tsetse-fly  (Glossina  palpalis)  to  the  trypanosome  of  sleeping 
sickness  {Trypanosoma  gamlnense),  and  to  other  species  of 
trypanosomes  which  this  fly  carries. 

Our  investigations  have  consisted  of  observations  and 
experiments  upon  (A)  Flies  fed  in  the  laboratory  on  animals 
which  had  been  infected  by  the  inoculation  of  cerebro-spinal 
fluid  from  sleeping  sickness  patients,  and  which  showed  trypano- 
somes in  their  blood  as  the  result  of  such  inoculation.  (B)  Flies 
caught  in  various  localities  which  were  found  on  dissection  to 
contain  trypanosomes  in  their  digestive  tracts. 

Of  the  trypanosomes  under  the  latter  heading  (B)  we  have 
found  two  distinct  types.  One  of  these  types  has  been  named 
by  Professor  F.  G.  Novy*  Trypamosoma  grayl,  and  one  of  us 
(Professor  E.  A.  Minchin)  proposes  to  call  the  other  type 
Trypanosoma  tullocldi. 

Type  I.  T.  tullochii,  n.  sp.  Minchin. — This  type  is  distin- 
guished by  its  more  rounded  nucleus  placed  near  the  middle  of 
its  body,  by  a  small,  usually  circular,  blepharoplast  placed  well 
behindf  the  nucleus,  i.e.,  at  the  end  furthest  from  the  flagellum 
(Plate  3,  figs.  53-60). 

«  "  Journal  of  Infectious  Diseases,"  vol.  3,  No.  .3  (May,  1906),  pp.  394-411, 
Plates  15-17.  Professor  Novy  gives  some  excellent  microphotographs  of 
these  trypanosomes,  taken  from  preparations  sent  him  by  Lieutenant  Gray. 

f  In  this  memoir  we  use  the  terms  anterior  and  posterior  purely  with 
reference  to  the  direction  of  locomotion  of  the  trypanosomes  described  by  us, 
and  without  prejudice  to  the  disputed  morphological  questions  involved. 
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Type  II.    T.  grayi,  Novy.— This  form  is  characterised  by  its 
lar'-'e  nucleus,  which' may  be  oval,  spherical,  or  compressed,  and 
which  is  in  all  cases  situated  not  far  from  the  posterior  end  ot 
the  body.     In  many  cases  the  nucleus  shows  distinctly  eight 
chromosomes.    The  blepharoplast  is  large,  transversely  elongated , 
and  situated  close  to  the  nucleus,  either  at  its  side  or  more 
usually  anterior  to  it.    Sometimes,  however,  it  may  be  posterior 
to  the  nucleus,  a  point  which  we  discuss  further  below.  The 
flatrellum  is  often  distinctly  thickened  at  the  tip.    This  type 
varies  very  greatly  both  in  form  and  size.     We  distinguish 
(1)  male  forms,  very  slender,  with  long  free  flagellum,  with 
nucleus  very  compressed,  and  with  the  blepharoplast  situated  m 
front  of  it  (Plate  2,  figs.  21  and  22).    Some  of  the  forms  reach 
an  extraordinary  length  (Plate  2,  fig.  33).    (2)  Female  forms  _ 
which  are  bulky,  often  thickened  at  the  posterior  end  and  with 
an  oval  or  rounded  nucleus.    The  blepharoplast  is  variable  m 
position,  and  the  free  flagellum  is  very  short  (Plate  2,  figs.  23-25 
and  34).     (3)  Young  forms  (Plate  2,  figs.  31   and  32)  and 
indifferent  forms,  varying  greatly  in  character  ;  among  the  latter 
we  may  particularly  note  forms  which  are   nearly  spherical 
(Plate  3,  figs.  43-51).    The  very  protean  character  of  these 
forms  {see  Plate  2,  figs.  35-40  ;  Plate  3,  figs.  41-52)  make  it 
very  uncertain  as  to  whether  they  are  really  all  of  the  same 
species.    Since,  however,  we  have  noticed  a  marked  difference 
between  trypanosoraes  from  flies  which  had  fed  after  being 
caught  and  those  in  flies  that  had  not  fed  (Plate  2,  figs.  33  and 
34,  and  Plate  3,  fig.  41),  we  think  that  these  variations  of  type 
are  to  be  explained  as  the  result  of  the  conditions  of  nutrition  of 
the  host.    The  forms  from  flies  which  had  not  been  fed  were 
both  scarcer  and  larger  than  those  from  flies  which  had  recently 
sucked  blood.    In  flies  dissected  soon  after  feeding  it  was  found 
that  small  forms  (Plate  2,  figs.  31  and  32)  largely  predominated, 
and  dividing  forms  were  numerous  (Plate  2,  figs.  27,  28,  and 
29)  ;  on  the  other  hand,  in  those  cases  in  which  flies  were  found 
to  contain  forms  of  a  more  indifferent  character  (Plate  2,  figs. 
36-40),  it  was  noticed  that  stages  of  division  were  extremely 
rare,  and  that  aggregations  of  similar  forms  into  large  masses 
were  frequent  (Plate  3,  fig.  42). 

The  mode  of  division  in  T.  rjrayi  is  noteworthy  and  character- 
istic. The  two  sister  individuals  which  result  from  it  are 
markedly  unequal  in  size  and  differ  also  in  the  relations  of  their 
nucleus  and  blepharoplast.  The  smaller  of  the  two  has  the 
blepharoplast  placed  in  what  may  be  considered  the  normal 
position,  that  is  to  say,  well  in  front  of  the  nucleus.  On  the 
other  hand,  the  larger  individual  has  the  blepharoplast  placed 
behind  the  nucleus  (Plate  2,  fig.  28).  We  consider,  therefore, 
that  the  forms  not  infrequently  found,  in  which  the  blepharoplast 
is  situated  behind  the  nucleus,  represent,  in  many  cases  at  least, 
the  larger  of  two  sister  individuals  resulting  from  recent  division. 
Multiplication  by  division  has  only  been  observed  by  us  in 
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individuals  of  mdifFercnt  or  female  type,  never  in  fully  differenti- 

IuLT  ^  """v  ^1"^"^'  '''^y  d^'^^  ^^^^^"tion  to  the 
numeious  chromidia  always  present  in  young,  indifferent,  or 

fr.^W  T'-i ,  the  chromidia  seem  to 

xesemble  the  blepharoplast  more  than  the  nucleus. 

(A)    Obsermtions    and    Experiments    with    Flies  Artificially 
Infected   with  T.  gambiense.-We   undertook  very  numerous 
experiments  to  determine  the  exact  mode  of  infection  by  the  fly 
particularly  with  the  object  of  determining  whether  the  fly 
became  infectious  at  any  definite  period  after  having  been  fed  on 
an  mtected  animal.    For  instance,  a  batch  of  freshly  caught  flies 
was  ted  hrst  on  an  infected  animal,  and  then  fed  on  successive 
^^l^^^  ^^^^^^  °^  healthy  animals,  using  a  fresh  animal  for 
each  feed;  the  experiments  covering  a  period  of  22  days  from 
the  time  of  the  original  infection  of  the  flies.    All  such  experi- 
ments, however,  gave  entirely  negative  results.    On  the  other 
hand  we  obtained  positive  proof  that  G.  palpalis  can  convey 
trypanosomes  by  means  of  its  proboscis  from  an  infected  to  a 
healthy  animal,  if  it  goes  straight  from  one  to  the  other.  Our 
method  of  experimenting  was  as  follows  :  A  single  fly  was 
placed  in  a  test-tube  and  the  mouth  of  the  tube  covered  with 
gauze.    The  mouth  of  the  tube  was  then  pressed  on  to  the 
infected  animal  and  the  fly  carefully  watched.    When  the  fly 
had  about  half  fed  it  was  removed  from  the  infected  animal  and 
placed  on  a  healthy  one,  on  which  it  was  allowed  to  finish  its 
meal.    Infection  by  trypanosomes  was  effected  by  this  means  in 
four  out  of  five  experiments  when  G.  palpalis  M-as  used  as  the 
transmitting  agent,  and  once  out  of  four  experiments  when  a 
Stomoxys  was  used  in  a  similar  manner.    In  order  to  determine 
further  whether  in  these  cases  the  infection  was  brought  about 
by  contamination  with  the  fly's  proboscis  only  or  by  the  possible 
regurgitation  of  already  ingested  trypanosomes  from  the  digestive 
tract,  a  further  series  of  experiments  was  carried  out,  in  which 
the  fly,  after  having  partially  fed  on  an  infected  animal,  was 
then  allowed  to  feed  on  two  healthy  anunals  in  succession.  Five 
such  experiments  were  carried  out,  in  each  of  which  it  was 
observed  that  the  fly  (Glossina)  had  sucked  blood  from  both  the 
infected  and  the  two  healthy  animals.    In  every  case  the  first  of 
the  two  healthy  animals,  and  only  the  first,  was  infected,  even 
when  the  fly  had  only  been  allowed  to  dip  its  proboscis  for  a 
moment  into  the  first  healthy  animal  and  was  then  immediately 
transferred  to  the  second  healthy  animal.    This  shows,  in  our 
opinion,  that  the  infection  is  conveyed  by  contamination  of  the 
proboscis,  and  that  if  the  fly  be  allowed  to  clean  its  proboscis  by 
piercing  the  skin  of  one  animal,  it  is  no  longer  infectious  to  a 
second.     In  these  expei-iments  upon  direct   transmission  the 
"Jinja"   cattle-try])anosome  Avas  used   by  us,  because  it  is 
abundant  in  the  blood  of  infected  animals  (rats)  with  which  Ave 
were  working,  and  also  on  account  of  the  fact  that  the  infection 
or  non-infection  of  a  rat  with  this  trypanosome  is  a  matter  of 


125 


certainty  within  a  very  few  days,  whereas  had  we  used  T. 
gambiense  the  results  of  our  experiments  would  have  remained 
uncertain  for  a  very  long  while. 

It  has  also  been  proved  by  the  experiments  of  Bruce  and  by 
ourselves  that  freshly  caught  specimens  of  G.  palpalis,  at 
Entebbe,  are  capable  of  infecting  animals  with  the  trypanosome 
of  sleeping  sickness,  but  in  this  case  all  experiments  seem  to 
show  that  the  number  of  fly-bites  required  to  produce  infection 
is  a  veiy  variable  one  indeed,  since  over  and  over  again  more 
than  1,000  flies  have  fed  on  a  susceptible  animal  without 
infecting  it.  The  smallest  batch  with  which  we  ourselves  have 
been  successful  in  producing  infection  consisted  of  134  flies. 

Observations  on  the  fate  of  trypanosomes,  introduced  into  the 
digestive  tract  of  the  tsetse-fly  by  feeding  it  in  the  laboratory 
upon  animals  infected  with  T.  gambiense  gave  the  following 
results  : — The  trypanosomes,  never  very  numerous  in  the 
ingested  blood,  show  at  the  end  of  24  hours  a  slight  increase 
in  number,  and  many  of  the  parasites  are  observed  in 
stages  of  division.  At  the  same  time  they  have  become 
differentiated  into  two  very  distinct  forms.  The  first  is  a 
very  slender  type  with  cytoplasm  free  from  granules,  with 
the  nucleus  sometimes  rounded  but  more  usually  compressed,  and 
with  a  considerable  length  of  free  flagelkim  (Plate  1,  figs.  1  to  6). 
Many  of  these  slender  forms  are  observed  at  this  stage  to  be  in 
the  act  of  extruding  granules  of  chromatin  from  the  nucleus 
(Plate  1,  figs.  4  to  6).  The  second  form  of  parasite  is  relatively 
very  large  and  bulky  with  granular  and  deeply-staining 
cytoplasm,  with  very  large  spherical  nucleus,  with  short  free 
flagellum,  and  with  the  blepharoplast  often  some  distance  from 
the  posterior  end  (Plate  1,  figs.  7  to  14).  These  two  forms  may 
be  regarded,  on  the  analogy  of  developmental  facts  recorded  of 
other  trypanosomes,  as  male  and  female  respectively.  In  both 
forms  stages  of  division  were  observed,  but  in  no  case  have  we 
succeeded  as  yet  in  observing  with  certainty  any  process  of  con- 
jugation. The  two  forms  are  easily  distinguished  in  the  living 
condition,  the  slender  males  being  also  characterised  by  much 
greater  activity  than  the  bulky  females. 

Male  and  female  forms  could  also  be  recognised  in  the  blood 
of  the  experimental  animals  (monkeys)  especially  in  films  fixed 
with  osmic  vapour.  In  films  dried  in  the  ordinary  way,  the 
characteristic  difl'erences  were  much  less  distinct.  In  either  case 
the  differentiation  of  sexual  characters  is  far  less  marked  than  it 
becomes  in  the  intestine  of  the  fly.  Trypanosomes  of  male 
character  (Plate  1,  fig.  16)  are  common  in  blood-films,  but  those 
of  female  character  (Plate  1,  fig.  17)  are  very  scarce,  and  only 
two  were  found,  both  of  which  were  remarkable  for  having  the 
nucleus  composed  of  four  distinct  masses  of  chromatin.  On  the 
other  hand,  an  abundant  form  in  the  blood  films  is  an  indifferent 
type  (Plate  1,  figs.  18  and  19),  characterised  usually  by  very 
short  free  flagellum,  and  it  is  this  form  which  develops  into 
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the  female  form  in  the  fly.  In  this  connection  attention  should 
be  drawn  to  the  forms,  distinctly  of  the  female  type,  obtained  by 
two  of  us  (Gray  and  Tulloch)  in  a  culture  (Plate  1,  fig.  20,  see 
Appendix  II). 

It  may  be  pointed  out  that  the  sexual  forms  of  T.  qamhiense 
from  the  tsetse-fly  are  very  similar  to  the  forms  of  T.  hrucei 
described  by  Koch*  from  other  species  of  Glossina,  so  far  as 
can  be  judged  fi-om  Koch's  figures.  It  is  our  opinion,  however, 
that  many  of  the  forms  described  by  Koch  as  developmental  stages 
of  T.  hrucei  are  really  stages  of  one  or  more  distinct  aspects  of 
trypanosomes  carried  by  the  flies,  comparable  to,  and  perhaps 
identical  with,  T.  grayi  and  T.  tullochii  in  G.  palpalis. 

At  48  hours  after  feeding  the  trypanosomes  are  still  numerous 
in  the  intestine  of  the  fly,  and  a  type  of  more  indifferent 
character  begins  to  make  its  appearance  (Plate  1,  fig.  15).  At 
72  hours  the  trypanosomes  are  usually  beginning  to  become  more 
scanty  and  difficult  to  find  in  the  digestive  tract  oi  the  fly, 
although  in  some  cases  they  are  still  numerous  and  chiefly  of  the 
indifferent  type.  At  96  hours,  in  almost  every  case,  not  a  single 
trypanosome  could  be  found  even  after  the  most  careful  search- 
ing. In  one  case  a  single  trypanosome  was  found,  and  in  another 
case  two,  on  the  fourth  day,  but  in  all  other  cases  the  trypano- 
somes seemed  to  have  vanished  completely  at  this  period,  and 
could  never  be  found  at  any  subsequent  time.  It  would  appear  as 
if  they  died  out  with  the  absorption  of  the  blood  with  which  they 
were  ingested,  and  were  unable  to  pass  forward  in  the  digestive 
tract  into  the  blood  taken  up  by  the  fly  at  any  subsequent 
feeding.  In  this  they  contrast  sharply  with  the  trypanosomes 
described  above,  occurring  in  the  fly  under  natural  conditions. 

The  disappearance  of  T.  gamhiense  from  the  digestive  tract  of 
the  tsetse-fly  could  be  interpreted  in  one  of  three  ways  :  (1)  the 
trypanosomes  may  actually  die  out  and  be  digested  ;  (2)  the 
trypanosomes  may  pass  from  the  digestive  tract  into  other 
organs  of  the  fly  ;  (3)  the  trypanosomes  may  become,  by  rapid 
division,  so  mintxte  as  to  escape  detection,  like  the  forms  of 
SpirocJueta  ziemanni  described  by  Schaudinn,  or  like  the  invisible 
micro-organism  of  yellow  fever.  In  order  to  test  the  second  of 
these  two  possibilities,  the  internal  organs  of  a  number  of  arti- 
ficially infected  flies  were  carefully  examined,  but  always  with 
negative  results,  while  the  experimental  results  of  Bruce  and 
ourselves  seem  to  disprove  infectivity  of  the  fly  at  any  period 
after  48  hours,  and,  therefore,  render  improbable  the  third 
possibility  suggested  above.  So  far  then  as  it  is  possible  to 
draw  conclusions  from  our  observations,  it  would  appear  that 
7\  gamhiense  does  actually  die  out  in  the  tsetse-fly  after  the  third 
day.  In  all  cases  T.  gamhiense  was  found  only  in  the  mid-gut  of 
the  fly,  and  appeared  never  to  pass  either  backwards  into  the 
proctodajum  or  forwards  into  the  proventriculus,  another  point  in 
which  they  contrast  with  the  "  fresh  fly  trypanosomes." 


«  "  Deutsch.  Med.  Wochenschr.,"  1905,  No.  47. 
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(B)  Observations  and  Experiments  upon  Freshly-caught  Tsetse- 
flies  Found  to  Contain  Trypanosomes. — When  freshly-catight 
tsetse-flies  were  examined  by  ns  in  the  laboratory,  either  after 
having  been  fed  upon  a  healthy  animal  or  not,  a  certain  per- 
centage of  them  Avere  found  to  contain  trypanosomes  of  one  or 
rarely  of  both  types  referred  to  above  as  T.  grayi  and  T.  tullochii. 
In  such  cases  the  trypanosomes  were  usually  present  in  enormous 
numbers,  especially  if  the  fly  had  been  previously  fed.  These 
trypanosomes,  when  compared  with  T.  gand)iense  artificially 
introduced  into  a  fly's  intestine,  are  distinguishable  by  their 
appearance  and  movements.  They  are  far  more  active  than  the 
sluggish  gamhiense,  especially  the  male  forms,  which  often  shoot 
across  the  field  of  the  microscope  with  the  greatest  rapidity. 
When  moving  in  this  way  the  body  of  the  parasite  remains 
nearly  stiff,  while  the  forwardly  directed  flagellum  vibrates  with 
rapid  serpentine  movements.  In  a  few  cases  they  were  found  in 
masses  in  the  proctodteum,  but  in  most  cases  they  occurred  in  the 
intestine,  swarming  and  multiplying  in  the  freshly  ingested 
blood.  Occasionally  they  Avere  found  passing  along  the  thoracic 
intestine  into  the  proventriculus.  The  parasites  found  in  the 
proventriculus  did  not  difi'er  appreciably  either  in  size  or  appear- 
ance fi-om  those  found  in  the  digestive  tract.  By  the  method 
suggested  by  Koch,  of  compressing  the  bulb  of  the  proboscis,  we 
succeeded  in  forcing  trypanosomes  out  from  the  proboscis,  but 
only  in  those  flies  in  which  the  parasites  were  found  in  the 
proventriculus.  Of  the  two  types  described  above  T.  gvayi  was 
the  most  commonly  found,  being  present  in  1'47  per  cent,  of  a 
total  of  3,000  flies  examined,  while  T.  tullochii  was  found  in 
0*17  per  cent,  of  flies,  and  both  trypanosomes  together  in  the  same 
fly  only  three  times.  When  trypanosomes  were  foimd  in  the  fly's 
proventriculus,  it  was  more  usually  T.  tullochii  which  was  present, 
M-hile  when  trypanosomes  were  found  only  in  the  fly's  intestine, 
it  was  more  xisually  T.  grayi  that  occm'red,  but  no  conclusions 
can  be  drawn  from  this  until  more  flies  have  iDeen  examined. 

The  object  of  our  experiments  on  these  "fresh  fly  trypano- 
somes "  was  to  determine  whether  one  or  both  of  the  two  types 
found  were  or  were  not  developmental  stages  of  T.  gambiense. 
As  it  is  now  beyond  all  doubt  that  G.  palpalis  is  the  agent  which 
conveys  the  trypanosome  of  sleeping  sickness  from  an  infected 
to  a  healthy  individual,  it  would  seem  most  probable  at  first 
sight  that  any  trypanosomes  found  in  the  bodies  of  these  tsetse- 
flies  caught  in  a  sleeping  sickness  area  would  be  developmental 
stages  of  T.  gambiense.  We  felt  no  doubt  at  the  outset  of  our 
investigations  that  these  fresh  fly  trypanosomes  were  to  be 
identified  with  T.  gambiense.  Koch* ,  evidently  worked  on  the 
same  assumption,  since  in  his  comparison  of  the  supposed 
developmental  stages  of  T.  brucei  and  T.  gambiense  there  can  be 
no  doubt  that  he  has  taken  the  form  which  has  been  called 
T.  grayi  for  a  developmental  phase  of  T.  gambiense.     As  we 


o  "S.  B.  k.  pr,  Akad.  Wiss.  Berlin,"  1905,  pp.  968-262. 
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proceeded,  however,  with  our  investigations  we  were  gradually  led 
to  doubt  any  connection  between  these  "  fresh  fly  trypanosomes  " 
and  sleeping  sickness.  In  order  to  determine  this  point  we 
carried  out  a  number  of  experiments  on  flies  caught  on  the  island 
of  Kimmi.  This  island  was  chosen  because  it  swarmed  with 
these  tsetse-flies,  of  which  a  high  percentage  contained  trypano- 
somes, and  because  it  was,  and  has  been  for  a  very  long  while, 
quite  uninhabited. 

Kimmi  is  a  small  island  of  the  Sesse  group,  about  two  miles 
long  by  a  mile  wide  {see  map).  There  is  a  narrow  strip  of  sandy 
shore  all  round  it,  the  remainder  of  the  island  being  covered  with 
thick  undergrowth  and  forest.  On  the  foreshore  are  many 
ambatch  trees,  where  cormorants,  other  diving  birds,  and  weaver 
birds  are  very  plentiful.  This  island  is  a  regular  feeding 
ground  for  hippopotami  and  is  crossed  in  all  directions  by  their 
tracks.  Crocodiles  are  also  very  numerous.  Kimmi  is  situated 
about  15  miles  from  Entebbe  and  is  two  miles  from  Nsadzi 
Island  in  the  one  direction  and  from  Kome  Island  in  the  other. 
For  more  than  a  year  this  island  has  been  quite  uninhabited  and 
natives  now  never  visit  it.  The  whole  island  swarms  with  tsetse- 
fly  (  G.  palpalis).  In  spite  of  the  total  absence  of  human  beings 
on  Kimmi  Island,  we  found  that  more  than  7  per  cent,  of  the 
tsetse-flies  caught  there  contained  trypanosomes  of  one  or  other 
of  the  two  types  mentioned,  while  only  1*7  per  cent,  of  the  flies 
caught  on  the  main  land  near  Entebbe,  a  place  with  a  numerous 
population,  among  whom  sleeping  sickness  is  common,  contained 
similar  parasites. 

Our  method  of  experimenting  with  these  flies  was  as  follows  : — 
Our  camp  with  our  apparatus  and  experimental  animals,  was 
placed  on  the  neighbouring  healthy  Island  of  Nsadzi,  in  a  region 
free  from  fly  and  where  there  is  no  sleeping  sickness.  A  steam- 
launch  was  placed  at  our  disposal  by  the  authorities  and  by  means 
of  it  batches  of  flies  were  brought  back  from  Kimmi,  so  that  we 
were  not  obliged  to  take  possibly  infected  native  cauoemen,  a  class 
among  whom  sleeping  sickness  is  very  common,  to  this  island. 
These  Kimmi  flies  were  divided  into  batches  and  each  batch 
assigned  to  a  particular  animal  (monkey,  rat,  guinea-pig,  or  hen) 
on  which  the  batch  was  fed  at  once,  and  again  repeatedly  on 
successive  days.  After  12  days  or  a  fortnight  of  such  daily 
feeding,  the  flies  of  each  batch  were  dissected  and  examined  for 
the  trypanosomes  which  they  might  contain.  In  practically 
every  case  one  or  more  flies  of  each  batch  were  found  to  contain 
trypanosomes,  so  that  every  experimental  animal  was  definitely 
known  to  have  been  fed  upon  repeatedly  by  at  least  one  fly 
containing  trypanosomes.  Had  these  trypanosomes  therefore  been 
identical  with''7'.  gamUcnse,  it  might  have  been  expected  that  at 
least  some  of  these  susceptible  animals  (sucli  as  monkeys,  guinea- 
pigs,  and  rats)  would  have  become  infected,  but  this  did  not  occur 
in  a  single  instance.  We  thought  that  T.  grayi  might  possibly  be 
a  bird-trypanosome,  but  the  negative  results  of  feeding  flies 
containing  it  on  fowls  did  not  bear  out  this  supposition. 
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In  addition  to  these  feeding  experiments,  we  inoculated  other 
experimental  animals  of  the  same  kinds  with  the  contents  of  the 
various  parts  of  the  digestive  tracts  of  flies  containing  these 
trypanosomes,  some  from  the  proventriculus,  some  from  the 
intestine  and  some  from  the  proctodoeum,  but  acjain  in  every  case 
the  results  loere  negative. 

We  are,  therefore,  now  convinced  from  the  results  of  the^e 
numerous  experiments,  of  which  a  list  is  given  on  p.  ,  that  the 
irt/panosomes  found  in  the  f  reshly-caught  tsetse-flies,  and  referred  to 
by  us  as  T.  grayi  and  T.  tullochii,  have  nothing  to  do  loith  sleeping 
sickiiess  and  are  not  developmental  stages  of  T.  gambiense. 

It  is  a  matter  of  regret  to  us  that  we  have  not  been  able  to 
establish  on  what  vertebrate  host,  if  any,  these  trypanosomes  are 
parasitic.  It  seemed  at  least  probable  that  T.  grayi,  some  forms 
of  which  greatly  resemble  T.  johnstonii.  Button  and  Todd*  from 
Estrelda  estrelda,  was  taken  up  by  the  fly  from  some  of  the 
numerous  water  birds  that  haunt  the  lake-shore.  On  the  other 
hand,  T.  tullochii,  which  is  very  similar  in  its  morphological 
characters  to  T.  gambiense,  might  similarly  be  derived  from  a 
mammalian  host.  We  may  draw  attention  in  this  connection  to 
the  remarkable  manner  in  which  this  tsetse-fly  haunts  the  lake- 
shore.  There  is  nothing  in  the  breeding  habits  of  the  fly  which 
should  oblige  it  to  frequent  the  vicinity  of  water,  as  in  the  case 
of  the  mosquito.  Our  experience  of  flies  kept  in  the  laboratory 
convinced  us  that  a  certain  amount  of  moisture  is  necessary  for 
them,  since  they  died  much  faster  in  their  cages  if  not  kept  over 
water.  It  may  be  supposed,  however,  that  one  attraction  that 
the  lake-shore  exerts  upon  this  voracious  blood-sucker,  is  that  of 
food-supply.  Along  the  shores  of  the  lake  and  on  all  the  small 
islands  are  vast  numbers  of  cormorants  and  other  fish-eating  birds 
perched  with  their  wings  extended,  drying  themselves  in  the  sun 
on  the  trees,  and  especially  on  the  ambatch-trees,  where  the  flies 
are  found  in  swarms.  These  birds  might  furnish  one  constant 
and  important  source  of  food.  We  found  in  the  laboratory  that 
tsetse-flies  fed  very  rapidly  on  captive  fowls,  creeping  under  their 
wings  to  bite  the  poorly  protected  parts  of  the  skin.  On  the 
other  hand,  when  a  heap  of  recently  shot  Avater-birds,  some  of 
which  were  hardly  dead,  were  lying  on  the  lake-shore  at  Kimmi 
Island,  the  swarms  of  tsetse-flies  did  not  attempt  to  settle  on 
them,  although  freely  biting  us  and  our  servants.  A  second 
possible  source  of  food  supply  is  furnished  by  the  aquatic 
animals  of  the  lake  shore,  such  as  the  hippopotamus,  the  otter, 
the  crocodile  and  the  python.  We  have  definite  evidence  that 
the  fly  feeds  on  the  hippopotamus  and  on  the  crocodile.  Flies 
were  caught  in  the  act  of  biting  a  hippopotamus  just  recently 
shot,  settling  chiefly  on  the  ears  and  nose.  We,  therefore,  made 
blood-films  and  had  blood-films  sent  us  of  as  many  aquatic  birds 
and  animals  as  possible,  including  five  or  six  hippopotami.  Only 
in  a  single  case  did  we  find  a  trypanosome,  namely,  m  a  not  very 

*  Liverpool  School  of  Tropical  Medicine,  Mem.  XI.  PL  2,  fig.  1. 
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well  preserved  film  of  crocodile's  blood  ;  beyond  its  large  size  and 
general  resemblance  to  other  reptilian  trypanosomes,  it  was  not 
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Fig.  1. — Hsemogregarine  in  the  red  blood-corpuscles  of  the  crocodile,    x  2000. 

possible  to  make  oixt  any  details  of  structure  in  this  parasite.  We 
may  mention,  however,  that  the  blood  of  many  of  the  birds 
contained  Halteridia,  and  that  a  Hajmogregarine  was  quite 
common  in  the  blood  of  the  crocodiles  (fig.  1;.  We  also  observed 
that  flies  in  captivity  sucked  the  blood  of  lizards,  chameleons  and 
snakes  very  freely. 

There  are,  therefore,  two  possible  sources  for  the  trypanosomes 
in  the  freshly-caught  tsetse-flies.  Either  they  are  taken  up  from 
some  of  the  numerous  animals  upon  which  the  fly  feeds,  or  they 
may  be  parasites  of  the  fly  itself,  like  Herpetnmonas  muscce- 
domesticce  in  the  house-fly.  In  this  respect  it  is  interesting  to 
note  that  a  small  percentage  of  another  common  blood-sucking 
.fly  in  Uganda  (Stomoxys  sp.)  contain  a  species  of  Herpotomonas 
very  similar  to  that  of  the  common  house-fly  in  Europe.  With 
regard  to  G.  jmlpalis  we  were  never  able  to  obtain  any  definite 
proof  that  it  fed  on  anything  but  blood.  It  is  therefore  difficult, 
to  understand  how  a  parasite  of  the  tsetse-fly  itself  could  be 
conveyed  from  one  fly  to  another  except  by  the  hereditary 
method.  We  have  a  single  instance  to  record  which  certainly 
suggests  hereditary  ti'ansmission  of  these  trypanosomes.  A  tsetse- 
fly  was  bred  in  the  laboratory  in  August  and  was  fed  for  two 
months  on  fowls,  which  were  unfortunately  also  used  for  feeding 
our  stock  of  tsetse-flies  in  our  breeding  cages.  On  October  9, 
the  fly  was  fed  on  a  monkey  showing  very  scanty  trypanosomes 
(T.  f/am/nense)  in  its  blood.  The  next  day  21  hours  later,  this 
fly  was  dissected  and  found  to  contain  a  few  scanty  T.  (jamhiense, 
one  of  which  is  figured  on  Plate  1,  fig.  14,  and  vast  "swarms  of 
T.  fjrayi  (Plate  2,  figs.  23  and  28).  It  is  obvious,  therefore,  that 
this  fly  was  either  infected  with  T.  (jrayi  when  it  emerged  from 
its  pupa  or  that  it  became  infected  from  one  of  the  fowls  which 
had  possibly  been  infected  in  its  turn  by  the  fresh  flies  which  fed 
on  it.  It  may  be  mentioned  in  this  connection  that  experiments 
directed  towards  obtaining  flies  infected  with  T.gavihiense  by  the 
hereditary  method,  that  is  to  say,  by  breeding  from  flies  fed 
continually  on  infected  animals,  gave  uq  result. 
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In  conclusion,  one  remarkable  experiment  of  ours  may  be 
mentioned.  At  our  camp  on  Nsadzi,  referred  to  above,  we  fed  a 
large  number  of  freshly-caught  Kimmi  flics  on  a  goat  which  we 
obtained  from  natives  on  the  island.  We  then  dissected  these 
flies  and,  to  our  astonishment,  could  not  find  trypanosomes  in  a 
single  one  of  some  500  flies  which  had  so  fed,  whereas  in  other 
Kimmi  flies,  caught  at  the  same  time,  which  had  fed  on  our 
other  experimental  animals  (monkeys,  etc.),  trypanosomes  were 
present  in  the  nsual  proportion.  We  then  prepared  some  goat's 
serum  and  added  a  drop  of  it  to  the  contents  of  a  fly's  intestine 
teased  out  on  a  slide,  which  contained  T.  grayi  in  large  numbers. 
Another  drop  of  this  same  goat's  serum  was  added  to  a 
preparation  of  T.  (jamhiense  obtained  from  an  infected  rat  and 
the  two  preparations  watched.  It  was  found  that  in  the 
preparation  of  T.  f/rayi,  the  trypanosomes  rapidly  became 
immobile  and  died  off,  while  the  T.  gambiense  remained  active. 
We  then  tried  the  same  two  experiments  over  again,  using 
human  serum  instead  of  the  goat's  serum,  and  then  found  that 
the  trypanosomes  Avere  not  affected  in  either  case.  This  result 
seems  to  us  to  furnish  an  additional  means  of  distinguishing 
between  T.  gamJncnse  and  T.  grayi. 


Appendix  I. 

Table  I. — List  of  Animals  on  which  Tsetse-flies  known  to  contain  Trypano- 
somes of  the  two  types  mentioned  have  fed.  All  these  animals  remained 
uninfected  by  this  feeding. 


Animal. 


Monkey  No.  370 
„  No.  391 
.,  No.  369 
„  No.  397 
.,       No.  335 

No.  474 


No.  499 
No.  625 
No.  553 
No.  654 
No.  473 


No.  498 
„  No.  555 
,,  No.  fiSfi 
„      No.  557 

Guinea-pig,  F.  P. 

No.  628 
Rat  (white),  No.  533 
Hen  No.  505  ... 
Hen  No.  60fi  ... 


Number  of  flies 
which  had  fed 

found  to  contain 
trypanosomes. 


Class  of  trypanosome 
present  in  fly. 


T,  grayi. 


T.  grayi  in  two  flies. 
T.  tullochii  in  one  fly. 
T.  grayi  in  one  and 
T.' tullochii  in  the 

other. 
T.  grayi. 


T.  grayi  in  one  and 
T.  tullochii  in  the 

other. 
T.  grayi. 


T.  grayi  and 

T.  tullochii  together. 

T.  grayi  in  7. 

T.  tullochii  in  1. 

T.  grayi. 

T.' tullochii. 

T.  grayi. 

T.  grayi  in  6. 

T.  tullochii  in  1. 


Presence  or  absence 
of  trypanesomesf  rom 
fly's  proventriculus. 


Present. 

Present  in  one  of  the 

former. 
Present  in  both. 


Absent  in  all. 
Absent. 

Present  in  one  fly. 
Present  in  both. 


Absent  in  all. 
Absent. 

Present  in  two. 
Present. 

Present  in  two. 

Absent. 
Present. 
Present  in  two. 
Present  in  three. 
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Appendix  II.— An  Experiment  on  the  Cultivation  of  T.  gambienso. 

By  Lieutenant  A.  C.  H.  Gray,  R.A.M.O.,  and  the  late  Lieutenant  F.  M.  G. 
Tui.LOCH,  R.A.M.C.  (Sleeping  Sickness  Commission). 

Our  numerous  failures  in  this  direction  have  been  attended  by  one  partial 
success. 

The  following  method  was  employed.  A  tube  of  agar,  prepared  according 
to  the  formula  of  McNeal  and  Novy,  was  melted  and  cooled  to  60°  C.  Three 
times  its  volume  of  blood,  taken  directly  from  the  heart  of  a  dog  without 
defibrination,  was  added  to  the  agar.  The  water  of  condensation  was 
inoculated  with  a  drop  of  blood  from  a  white  rat  (No.  513)  very  rich  m 
trypanosomes.  On  examining  the  tube  six  days  later  a  few  living  trypano- 
somes  were  found,  which  appeared  similar  to  the  forms  inoculated  On  the 
8th  and  10th  days  no  trypanosomes  were  seen  in  a  loopf  ul  of  tluid  with- 
drawn from  the  tube.  On  the  15th  day  several  active  trypanosomes  were 
seen  in  a  sample.  These  trypanosomes  were  found  singly  and  m  groups  ot 
three  or  four.  Dividing  forms  were  also  seen.  These  forms  were  distinctly 
larger  than  the  trypanosomes  originally  inoculated,  and  on  measurement  were 
found  in  some  cases  to  be  as  long  as  54  ft.  Besides  being  longer  and  broader 
than  the  trypanosomes  in  the  blood  of  the  rat  the  position  of  the  micro- 
nucleus  was  different  (Plate  1,  fig.  20).  In  the  trypanosomes  from  the 
test-tube  the  micro-nucleus  was  situated  at  a  considerable  distance  from  the 
hinder  end  of  the  parasite  and  consequently  nearer  to  the  macro-nucleus. 
These  trypanosomes  closely  resembled  certain  forms  which  we  have  found  m 
the  stomach  and  intestinal  tract  of  tsetse-flies,  24  hours  after  being  allowed 
to  feed  on  infected  monkeys.  On  the  17th  day  trypansomes  were  still 
present  in  about  the  same  numbers  but  a  few  cocci  were  also  found  m  the 
tube.  Up  to  the  20th  day  trypanosomes  were  still  found,  but  were  sluggish 
in  their  movements  and  became  fewer  in  number  as  the  cocci  increased. 
After  this  date  the  growth  of  cocci  became  profuse  and  the  trypanosomes 
died  off.  Up  to  the  present  (seven  days)  no  trypanosomes  have  been 
found  in  sub-cultures  made  from  this  tube  although  the  latter  are  free  from 
bacteria. 

As  multiplication  had  commenced  in  the  original  tube  it  is  reasonable  to 
expect  that  a  successful  culture  would  soon  have  resulted  if  it  had  not 
become  contaminated  by  cocci. 

The  resemblance  of  the  newly-formed  trypanosomes  to  forms  seen  in 
tsetse-flies  after  feeding  on  infected  animals  is  of  interest. 

Appendix  III.— iSome  Notes  on  a  Herpetomonas /oM«rf  in  the  Alimentary 
Tract  o/Stomoxys  {calcitrans?)  in  Uganda. 

By  Lieutenant  A.  C.  H.  Gray,  M.B.,  R.A.M.C. 

In  the  course  of  examining  the  contents  of  the  alimentary  tract  of  some 
specimens  of  Stomoxys  {calcitrauH  ?),  which  had  previously  been  allowed  to 
feed  themselves  on  a  monkey  infected  with  the  trypanosome  of  sleeping 
sickness,  I  found  a  species  of  Herpetomonas  in  the  alimentary  tract  of  three 
flies  out  of  a  total  number  of  280  examined. 

In  its  movements,  size,  and  general  appearance,  the  flagellate  seemed  to 
closely  resemble  //.  muscm-domesticm  of  the  common  house-fly. 

In  two  flies,  this  parasite  was  present  in  very  large  numbers.  Those  two 
flies  were  full  of  blood  from  the  monkey  they  had  fed  on  24  hours  previously, 
and  in  this  blood,  practically  unaltered  T.  {/(tmhiense  were  present  in  scanty 
numbers.  In  the  third  fly,  this  Herpetomonas  was  present  in  very  scanty 
numbers  and  no  trace  of  recently  ingested  blood  could  be  found  in  it. 

Films,  fixed  in  osmic  acid  and  stained  with  Borrel  blue  and  eosin,  showed 
that  the  commonest  type  of  this  parasite  measures  from  35  to  50  n  (figs.  1, 2, 3). 
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Pigs.  2-4.— Herpetomonas  from  the  gut  of  Stomo.xys  (calcitrant  ?) ;  fig.  2,  common 
form  with  single  flagellum,  and  with  nucleus  broken  up  into  separate 
masses;  hg.  3,  commonest  form,  with  double  flagellum:  &"  4  form 
with  compressed  nucleus  and  very  long  flagellum.  ° 

The  body  of  the  parasite  is  cylindrical,  with  a  rounded  anterior  and  more 
pointed  posterior  extremity.  The  protoplasm  of  the  body  stains  rather 
deeply.  A  large  rounded  nucleus  is  placed  at  the  centre  of  the  body  of  the 
parasite.  1  he  chromatic  substance  of  the  nucleus  is  sometimes  seen  to  be 
broken  up  into  granules  (chromosomes),  apparently  14  in  number,  contrasting 
m  this  respect  with  //.  miiscu'-doinesticn',  in  the  nucleus  of  which  eight 
chroniosomes  are  present  (Prowazek).  The  blepharoplast  is  oval  or  kidney 
shaped,  of  a  large  size  and  stains  deeply.  It  is  placed  close  to  the  origin  of 
the  flagella  and  to  the  anterior  rounded  extremity  of  the  body  of  the  parasite. 
Ihe  double  flagellum  arises  close  to  the  blepharoplast  and  may  reach  an 
enormous  length  in  some  individuals  (fig.  3). 


Figs.  5-7. — Herpetomonas  from  gut  of  Stomoxys ;  fig.  5,  small  form  with  dividing 
nucleus ;  fig.  G,  small  form  showing  the  posterior  position  of  the 
blepharoplast,  and  long  intracellular  course  of  the  flagellum  ;  fig.  7, 
small  form,  ordinary  type. 

Besides  these  large  forms,  smaller  individuals  are  present  (figs.  4,  5,  6). 
The  bodies  of  these  parasites  stain  more  faintly  than  the  above  and  are  often 
curved.  The  nucleus  is  more  compressed.  The  blepharoplast  is  smaller  and 
situated  at  a  greater  distance  from  the  anterior  extremity  of  the  body.  The 
single  flagellum  arises  close  to  the  blepharoplast  and  consequently  has  a 
somewhat  longer  course  through  the  body  of  the  parasite.  It  emerges  as  a 
short,  thick,  free  flagellum. 

Both  these  forms  commonly  undergo  longitudinal  division.  In  some  cases 
the  nucleus  apparently  divides  before  the  blepharoplast. 
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Fins.  8-10.— Herpetomonas  from  gut  of  Stoinoxys,  non-flagellated  f onns :  fig.  8,  mass 
of  blue-staining  protoplasm  containing  one  large  chromatin  body  ;  figs.  1) 
and  10,  masses  of  protoplasm  containing  paired  chromatin  bodies. 

In  the  third  fly  non-flagellated  forms  were  found  to  occur  (figs.  7,  8). 
Masses  of  blue-staining  protoplasm  containing  chromatin  bodies  in  pairs 
(fig.  9)  were  also  rarely  found  in  this  fly.  Every  such  pair  of  chromatin 
bodies  consisted  of  a  larger  and  a  smaller  separate  portion.  The  larger 
portion  is  circular  and  more  faintly  staining,  the  smaller  is  oval  and  more 
deeply  staining.  These  paired  masses  of  chromatin  suggest  a  form  analogous 
to  Leish  man-bodies. 


Fig.  11.  Large  cell  (probably  a  leucocyte)  from  contents  of  gut  of  Stomoxys  {calci- 

trans  ?),  containing  in  its  interior  large  numbers  of  disintegrated 
Herpetomonas  forms. 

On  several  occasions,  in  the  first  two  flies,  large  cells  (leucocytes  ?)  were 
found  containing  in  their  interior  the  broken-up  remains  of  large  numbers  of 
the  Herpetomonas  (fig.  10). 

The  figures  illustrating  those  notes  are  all  x  2000  and  drawn  with  the 
camera  lucida  from  slides  fixed  in  osmic  acid  and  stained  with  Borrcl  blue 
and  eosin. 
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DESCRIPTION  OP  PLATES. 


Plate  i. 


rJ^^T^^A  ^""L*""*?"'^  fip-  1-14,  forms  from  the  gut  of  the  tsetse-fly  (Gloisina 
l^lpahs)  oae  day  after  infection  {t.e.  about  24  hours)  after  being  taken  up  by  the  fly. 

fA\lh^r  ^"-^^  '""-^h^^:  16-19.  foi-ms  from  the  blood  oi  a  monkey 

{Ccnxopxthecm  sp.)  infected  with  the  m  ection  of  cerebro-spinal  fluid  fi'om  a  sleepmg 
sickness  patient.  Pig.  20,  culture  form  from  blood  of  infected  rat,  15th  day  ^S! 
xSo.  preserved  wet  with  osmic  vapour  stain,  Leisllman  or  Geimsa. 

Pigs.  1  and  2,  male  form  with  compressed  nucleus.  Pig.  3,  male  form  with  rounded 
nucleus.  Pigs.  4  and  5  similar  forms  with  chromatin  being  given  off  from  the  nucleus 
i  ig.  G  male  form  dividing  chromatin  being  given  off  from  both  the  daughter  nuclei. 

igs-  j-^*,  female  forms,  figs.  7  and  12  dividing.    Pig.  15,  indifferent  form    Pig  IG 
male  form.  Pig.  17,  female  form,  very  scarce  (only  one  other  was  found).  Pigs  IS  and' 
19,  indifferent  forms  which  in  the  fly  become  female  ;  note  the  short,  free  flasellum 
Pig.  20,  female  form  from  culture  tube,  15th  day.  ^ 


Plate  2. 

TrvpaHosoJiia  grayi,  figs.  21-30,  from  the  gut  of  the  tsetse-fly  {Glossina  palpalis). 
The  flies  from  which  these  trypanosomes  were  obtained  had  been  fed  regiilariy  on  the 
blood  of  neutral  monkeys  and  were  dissected  after  about  10  days  of  such  feeding; 
In  all  cases  the  whole  gut  of  the  fly  swarmed  with  thousands  of  similar  trypanosomes'. 
Pigs.  31  and  32,  small  forms  ;  flies  dissected  24  hours  after  their  first  feed  of  blood* 
generally  contained  forms  such  as  these  in  very  great  abundance,  many  dividing 
forms  were  also  present,  larger  forms,  as  above,  were  rare.  Pigs.  33-35,  trypano- 
somes from  fresh-caught  tsetse  flies,  which  had  not  fed  on  blood  for  a  long  whUe.  In 
such  flies,  parasites  were  never  very  numerous,  and  the  types  present  were  all  of  a 
large  size.  Pigs.  36-40,  various  other  types  from  flies  which  had  fed  on  blood.  Pixed 
in  alcohol,  stained  with  Leishman  or  Giemsa.    X  2000. 

Pigs.  21  and  22,  male  forms  with  compressed  nucleus  and  long  free  flagellum.  Pigs.  23 
24  and  25,  female  forms.  Posterior  extremity  thickened,  short  free  flagellum.  Pio-s.  2g' 
27  and  28,  stages  of  division  showing  the  unequal  size  of  the  two  resulting  individuals' 
Fig.  29,  division  of  a  small  form  into  two  more  or  less  equal-sized  individuals.  Pig.  30 
aberrant  dividing  form,  in  this  case  the  nucleus  has  already  divided,  whereas  the 
blepharoplast  has  not  yet  done  so.  Pigs.  31  and  32,  young  forms  resulting  from  the 
unequal  division  of  a  largo  female  form.  Fig.  33,  very  long  male  form.  Fig.  34 
very  large  female  form.  These  two  forms  occur  in  flies  which  have  not  fed  on  blood' 
for  a  long  time.  Pig.  35,  very  long  form,  with  nucleus  consisting  of  eight  chromosomes. 
Pigs.  36-40  are  all  from  the  same  fly.  Figs.  3G,  37,  and  38  show  the  nucleus  broken  up 
into  separate  chromatic  granules,  and  the  varying  position  of  f.he  blepharoplast.  Pig.  39 
young  form  showing  regular  division  of  the  nucleus  into  eight  chromosomes.  Pig.  40 
young  form  showing  a  separate  mass  of  chromatin  posterior  to  the  nucleus. 


Plate  3. 

Trypanosoma  grayi,  figs.  41-52 ;  Trypanosoma  ticllochii,  figs.  53-GO  ;  all  from  the 
gut  of  the  tsetse  fly  (Glossina  palpalis).  Pig.  41,  very  large  female  form,  undergoing 
unequal  division  from  a  fly  wnich  had  not  fed  on  blood.  Pig.  42,  rosette-like 
mass  of  similar  young  forms.  Pigs.  43-51  are  all  taken  from  the  same  fly,  and 
show  the  various  steps  in  the  formation  of  circular  non-flagellated  forms  from  a 
common  type.  Fig.  43.  Figs.  44  and  45  show  the  flagellum  becoming  wrapped  round 
the  body  of  the  parasite.  Figs.  4G,  47  and  48  show  progressive  stages  in  the  absorp- 
tion of  the  flagellum.  Figs.  49,  50  and  51  are  different  types  of  the  resulting 
non-flagellated  bodies.  Pig.  52,  an  uncommon  type  of  parasite,  with  very  large 
blepharoplast,  and  showing  much  chromatic  granulation,  from  a  fly  which  had  not  fed 
on  blood. 

Pigs.  53-GO,  Trypanosoma  tullochit.  Fig.  53,  small  form,  with  minule  circular 
blepharoplast  and  small  vacuole:  Fig.  54,  larger  form  of  a  similar  type.  Pig.  56, 
small  form  showing  the  flagellum  arising  from  a  small  granule  of  chromatin  close  to 
the  blepharoplast.  Fig.  6G,  largo  fonn.  Pigs.  57*  and  58,  large  fonns  of  trypanosome 
found  in  the  proventriculus  of  an  infected  fly.  Pig.  59,  dividing  form,  common  type. 
Pig.  GO,  dividing  form,  rare  type  showing  division  into  three.  Figs  53-GO  are  all  from 
the  same  fly.  Figs.  57  and  58  are  from  the  proventriculus,  while  the  remainder  are 
from  the  gut  of  the  fly  {Glossina  palpalis). 
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22.  ON  THE  OCCURRENCE  OF  ENCYSTATION 
IN  TRYPANOSOMA  GRAYI  NOVY,  WITH 
REMARKS  ON  THE  METHOD  OF  INFECTION 
IN  TRYPANOSOMES  GENERALLY. 

By  E.  A.  MiNCiiiN,  M.A. 

[Reprinted  from  Proceedings   of   the  Royal  Society, 

Series  B,  Vol.  79.] 

In  a  tsetse-fly  dissected  and  examined  by  me  in  the  laboratory 
of  the  Sleeping  Sickness  Commission  at  Entebbe,  Uganda,  it 
was  found  that  not  only  was  the  intestine  swarmmg  with 
Trypanosoma  cjrayi,  but  the  proctodceum  also  contained  vast 
numbers  of  trypanosomes.  Under  moderate  magnification  they 
could  be  seen  in  dense  clumps  attached  to  the  wall  of  the 
proctodteum,  each  clump  having  a  superficial  resemblance  to  a 
patch  of  mould,  the  whole  mass,  however,  vibrating  with  the 
movements  of  the  flagella.  It  was  rather  uncommon  to  find 
these  parasites  in  the  hind  gut,  and  I  at  once  made  smears  from 
different  regions  of  the  digestive  tract,  and  carefully  preserved 
and  stained  them.  As  it  was  but  a  short  time  before  my 
departure  from  Entebbe.  I  was  not  able  there  to  do  more  than 
glance  at  my  preparations,  but  I  noticed  at  once  an  important 
fact  which,  since  my  return  to  England,  I  have  been  able  to 
confirm  and  extend  by  careful  study  of  my  slides  :  namely,  that 
in  the  hind-gut  the  trypanosomes  are  in  process  of  becoming 
encysted.  Before  proceeding  to  describe  the  encystment,  I  will 
say  a  few  words  about  the  conditions  of  the  occurrence  of 
these  trypanosomes,  and  the  manner  in  which  they  were 
preserved. 

The  tsetse-fly  in  question  was  one  of  a  batch  caught  by  our 
fly-boys  at  Entebbe  on  November  2,  and  fed  the  next  day  on  a 
monkey  infected  with  Trypanosoma  gamhiense  from  the  cerebro- 
spinal fluid  of  a  sleeping  sickness  patient.  On  every  subsequent 
day  these  flies  were  fed  on  a  healthy  guinea-pig,  and  a  certain 
number  of  flies  were  dissected  daily  and  examined,  until  the 
batch  was  used  up.  Without  going  into  details  it  is  sufficient  to 
say  that  T.  gambiense  was  found  sparingly  in  the  flies  dissected 
up  to  96  hours,  that  is  to  say,  on  November  4,  6,  and  7.  After 
this  date  T.  gambiense  disappeared  completely  and  could  not  be 
found  in  any  of  the  flies  dissected.  The  fly  in  which  the  encyst- 
ment was  discovered  was  dissected  on  November  14.  It  must,  of 
course,  have  been  infected  with  2\  grayi  when  caught,  and,  as 
I  have  stated,  it  had  been  kept  11  days  in  the  laboratory  and 
fed  daily.  At  the  autopsy  it  was  found  to  be  gorged  with  blood, 
and  with  all  its  organs  perfectly  normal  and  healthy  in  appear- 
ance.   I  examined  the  salivary  glands  and  genital  organs  (tsetses 
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and  vesiculte  seimiialcs)  without  finding  anything  resembling  a 
trypanosome.  Finally  the  digestive  tract  was  examined  with 
the  results  stated.  No  trypanosomes  were  found  in  the 
proventnculus. 

The  films  were  made  in  the  usual  way  by  drying  the  smears, 
which  were  then  fixed  with  methyl  alcohol  and  stained  with 
Lriemsas  stam.  A  few  were  kept  unfixed  and  have  been  fixed 
and  stained  for  me  recently  by  my  assistant,  Dr.  J.  D.  Thomson, 
with  excellent  results.  It  is  a  matter  of  great  regret  to  me  now 
that  none  of  my  smears  of  this  fly  were  fixed  by  the  osmic- 
vapour-method.  The  method  of  drying  smears  is  a  drastic 
one,  which  is  Hkely  to  deform  finer  detaUs,  and  in  the  present 
mstance  the  cyst-wall  is  often  injured,  being  evidently  of  a  soft 
consistence. 

The  gut  was  divided  into  four  regions  and  smears  made  from 
each.  In  the  anterior  region  of  the  intestine  the  ingested  blood 
is  of  red  colour,  very  thick,  and  jelly-like  and  difficult  to  smear 
out  nicely.  Further  back  it  gets  more  fluid  and  begins  to  turn 
black.  In  the  hinder  part  of  the  intestine  the  blood  is  black  and 
fluid.  I  refer  to  these  three  regions  briefly  as  the  red,  red-black, 
and  black  blood  respectively.  The  black  blood  stops  shai'i^ly 
and  suddenly  at  the  point  at  Avhich  the  Malpighian  tubules  enter 
the  gut.  The  proctodseum  contains  no  blood,  but  only  a  yellowish 
fluid  containing  innumerable  coarse  granules. 

I  proceed  now  to  describe  briefly  the  process  of  encystation 
observed  by  me  in  the  fly.  A  glance  at  the  preparation  shows 
many  different  stages  of  the  process  side  by  side.  In  the  first 
place  we  find  individuals  in  which  encystment  has  not  begun 
(figs.  1,  2).  These  are  forms  for  the  most  part  very  slender  and 
srnallpr  than  any  of  the  forms  of  T.  grayi  found  in  the  intestine 
of  this  or  other  tsetse-flies  ;  but  their  most  striking  feature  is 
the  absence  of  any  distinct  undulating  membrane,  so .  that  they 
bear  a  great  resemblance  to  the  genera  Herpetoimmas  and 
Crithidiay  especially  the  latter.  The  flagellum  is  long  and 
appears  to  run  down  the  side  af  the  body.  The  blepharoplast 
has  the  large  size  and  rod-like  form  characteristic  of  T.  grayi. 
The  nucleus  is  either  compact  or  broken  up  into  granules 
of  chromatin.    Division  stages  have  been  found,  but  are  very 


rare. 


In  the  first  stages  of  encystment  the  flagellum  becomes 
shortened  and  stains  more  deeply,  suggesting  that  as  it  diminishes 
in  length  it  becomes  thickened.  At  the  same  time  the  cyst 
begins  to  appear  as  a  layer  of  substance  which  stains  reddish 
with  Giemsa,  forming  a  cap  at  the  hinder  pole  (figs.  3,  4,). 
These  two  processes  continue  until  on  the  one  hand  the  flagellum 
is  completely  retracted  and  on  the  other  hand  the  body  is 
enveloped  in  a  pear-shaped  cyst,  at  first  incomplete  towards  the 
pointed  end  (figs.  5,  6).  The  flagellum  appears  to  become 
retracted  into  a  pink-staining  vacuole  (fig.  5,  Jl.  v.),  which 
reminds  one  of  the  flagellar  vacuole  described  by  Leishman 
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during  the  formation  of  a  flagellum  in  the  Leishman-Donovan 
bodies  in  cultures,  but  here  the  sequence  of  events  is  inverted,  as 
it  were.  Finally  the  pink  vacuole  disappears,  but  a  streak, 
which  gradually  fades  a-way,  can  be  seen  for  a  time  in  front  of 
the  blepharoplast  (fig.  6).  The  cyst  closes  up  round  the  pointed 
end  of  the  body,  and  then  changes  in  form,  becoming  first  oval 
(fig.  7)  and  then  irregularly  circular  in  outline  (fig.  8).  In  the 
circular  cysts,  which  are  the  last  stage,  it  is  difficult  to  make  out 
much  detail,  but  in  favourable  examples  they  can  be  seen  to 
contain  hyaline  protoplasm,  staining  faintly  bluish,  with  the  dark 
purple-stained  blepharoplast  and  the  nucleus  generally  repre- 
sented by  irregularly  scattered  granules,  staining  a  purplish-red 
tint.  The  cyst-wall  also  stains  strongly  and  appears  slightly 
redder  than  the  nucleus. 

I  will  now  state  briefly  the  conditions  observed  in  other  parts 
of  the  gut  of  the  fly  in  which  the  cysts  were  found.  The  red 
blood  was  found  teeming  with  trypanosomes,  nearly  all  large 
forms  of  indifferent  type.  Very  few  young  forms  were  found, 
and  male  forms  were  very  scarce.  No  pronounced  fernale  types 
were  found  in  this  region,  though  many  of  the  large  indifferent 
forms  approach  the  female  type  in  the  shortness  of  their  free 
flagellum.  In  the  red-black  blood  the  conditions  were  similar,  but 
young  forms  are  becoming  commoner.  In  the  black  blood  young 
forms  predominate  and  large  individuals  are  comparatively 
infrequent.  Thus  in  the  gut  of  this  fly  as  a  whole  we  find  great 
rarity  of  differentiated  sexual  forms,  but  a  swarm  of  indifferent 
forms  which  in  the  hinder  part  of  the  intestine  give  rise  to  very 
numerous  young  forms,  and  these  in  their  turn  would  appear  to 
pass  into  the  small,  Uerpetomonas-like  forms  found  in  the  proc- 
todasum,  starved-looking  creatures  which,  in  a  medium  where 
there  is  probably  no  nutriment,  go  through  the  process  of  encyst- 
ment  already  described. 

Having  so  far  confined  myself  strictly  to  matters  of  fact,  I 
will  now  offer  a  few  suggestions  and  speculations  as  to  the 
probable  significance  of  the  encystation  in  the  economy  of  the 
life-cycle  of  the  parasite.  In  the  first  place,  the  resemblance  of 
these  cysts,  and  especially  the  pear-shaped  forms,  to  the 
"  Schleim-cysten "  decribed  by  Prowazek*  in  Herpetomonas 
nnisca'-domesticce  Burnett,  is  very  marked,  and  has  struck  everyone 
to  whom  I  have  shown  both  my  preparations  and  Prowazek's 
figure.  I  think  there  can  be  no  doubt  that  they  are  similar 
bodies,  and  have  a  similar  function,  that  is  to  say,  that  they  are 
destined  to  pass  out  of  the  gut  of  the  fly  with  its  dejecta.  Very 
numerous  analogies  in  support  of  this  inference  could  be  cited 
from  other  parasitic  Protozoa.  The  question  whicli  interests  us 
most  is,  what  becomes  of  them  after  being  cast  out  from  the  fly  ? 
In  the  absence  of  any  observations  or  experiments  upon  this 
point,  one  can  only  draw  conclusions  from  the  analogy  of  what 
is  known  in  other  cases.    In  the  case  of  H.  musc<B-doniesticcv,  the 
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cysts  are  scattered  about  everywhere,  and  as  house-flies  are  far 
from  being  particular  in  their  feeding  or  sanitary  in  their  habits, 
a  fly  runs  every  chance  of  infecting  itself  with  the  IlerpeUmonas 
by  swallowing  with  its  food  cysts  dropped  by  another  fly. 
There  can  be  no  doubt  whatever,  it  seems  to  me,  that  this  is  the 
manner  in  which  the  house-fly  acquires  the  infection  of  the 
Herpetomonas.  The  case  is,  however,  very  different  with  the 
tsetse-fly,  which  does  not  haunt  the  enclosed  spaces  and  insanitary 
surraundings  of  the  house-fly,  but  lives  a  free,  open-air  life  by 
lake  and  forest.  Nor  is  the  tsetse-fly  a  foul  feeder  like  the 
house-fly.  My  assistant,  Mr.  Degen,  and  myself  made  many 
attempts  to  feed  tsetse-flies  on  all  kinds  of  food,  but  always 
without  the  least  success.  On  the  other  hand,  the  tsetse-fly  is  a 
greedy  blood-sucker,  and  will  attack  anything  from  a  frog, 
lizard,  or  bird  to  a  hippopotamus,  but,  in  my  opinion,  it  does 
not  feed  in  any  other  way.  Further,  the  tsetse-fly  is  not 
like  the  Stomoxys,  which  lays  its  eggs  in  dung ;  it  is  viviparous, 
as  is  well  known,  and  nourishes  its  larva  in  the  uterus  until 
full-grown. 

For  all  these  reasons,  it  seems  to  me  in  the  highest  degree 
improbable,  indeed,  I  may  say  impossible,  that  a  tsetse-fly  would 
ever  infect  itself  by  sucking  up  cysts  dropped  by  another  fly,  or 
that  a  parasite  which  had  to  depend  on  this  method  of  dissemina- 
tion could  maintain  its  existence  in  the  tsetse-fly.  The  only 
possible  destiny  I  can  imagine  for  these  cysts  is  to  be  swallowed 
accidentally  by  some  vertibrate,  the  (as  yet  unknown)  host  of 
Trypanosoma  grayi,  in  order  to  germinate  in  its  digestive  tract, 
to  pass  thence  into  the  blood,  and  to  be  taken  up  again  with  the 
blood  by  the  tsetse-fly.  A  cycle  of  this  type  is  as  yet  unknown, 
but  there  are  abundant  analogies  for  all  parts  of  it.  In  the  first 
place,  it  is  a  common  thing  for  animals  to  have  protozoan 
parasites  in  the  gut,  which  they  take  up  in  the  encysted  condition 
after  they  have  been  dropped  by  another  individual.  Without 
multiplying  instances  unnecessarily,  I  may  point  out  that 
Schaudinn  proved  the  infection  of  Amaiha  coli  to  originate  in  this 
way,  and  that  it  is  a  common  human  parasite  in  regions  where 
sanitation  has  not  advanced  beyond  the  primitive  condition  of 
dpandage  par  terre.  In  the  second  place,  there  are  many 
instances  among  Sporozoa  of  cysts  germinating  in  the  intestine 
and  liberating  motile  forms  which  then  pass  through  the  wall  of 
the  gut  into  other  organs  of  the  body. 

In  a  former  communication  by  my  colleagues,*  Lieutenants 
Gray  and  Tulloch,  and  myself,  we  were  able  to  confirm  Bruce's 
results  as  to  the  existence  of  direct  mechanical  infection  by  means 
of  the  tsetse-fly,  which  if  it  stabs  its  proboscis  first  into  an 
infected  animal  and  then  soon  after  into  a  healthy  one,  can  mfect 
the  latter.  We  were  not  able  to  demonstrate,  however,  what  I 
may  term  cyclical  infection,  which  at  present  has  not  been  shown 
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to  exist.  I  suggest  that  there  are  two  possible  modes  of  cyclical 
infection,  in  the  dissemination  of  protozoan  blood-parasites  by 
biting  insects  generally.  In  one  method,  which  1  may  term 
inoculative,  the  parasite,  after  going  through  developmental 
changes  in  the  insect,  passes  back  again  into  a  second  vertebrate 
host  through  the  proboscis,  as  in  the  case  of  malaria  transmitted 
by  a  mosquito.  In  the  other  method,  which  I  propose  to  term 
coiitaminative,  the  parasite  taken  up  by  the  biting  insect,  after 
going  through  developmental  changes  within  its  gut,  would  pass 
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DESCRIPTION  OF  THE  FIGURES. 

Figs.  1  and  2.— Free-swimming  Herpetomonas-like  forms  of  Trypanosoma 
grayi  from  the  proctodasum  of  the  tsetse-fly,  before  encystation  has 
commenced  ;  N.,  prmcipal  nucleus  ;  w.,  blepharoplast :  ft.,  flagellum. 
X  2,000.  .  ^  )  6 

Fig.  3.— Commencement  of  encystation.  The  flagellum  is  becommg 
^'^  9^nSn  '         ^'^^  ^"^^^  appearance  of  the  cyst-secretion  is  seen  at  C. 

Fig.  4.— Similar  stage  slightly  more  advanced.  The  cyst-wall  (C)  is  damaged 
at  one  pomt.    x  2,000. 

^'TS^®^'"™  completely  retracted,  represented  by  a  vacuole  (^.  vac). 

Fig.  6.— The  flagellar  vacuole  is  absorbed  and  the  flagellum  is  represented 
only  by  a  delicate  streak  {fl.  «.).    Cyst  much  damaged,    x  2,000. 

Fig.  7.— The  cyst-secretion  now  extends  all  round  the  body,    x  2,000. 

Fig.  8.— Rounded-off  cyst,  the  final  stage.    Letters  as  before,    x  2,000. 
28089  T 
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out  of  it  through  the  anus,  and  infect  the  vertebrate  host  by  con- 
taminating its  food  or  drink.  We  have  all  of  us  (I  speak  for 
myself)  been  imbued  hitherto  with  the  idea  that  the  cycle  of  the 
trypanosome  in  the  tsetse-fly  must  be  of  the  inoculative  type  and 
have  failed  to  find  it.  I  wish  to  suggest  strongly  to  those 
working  on  the  subject  of  trypanosome-infection  the  desirability 
of  making  experiments  and  observations  to  prove  or  disprove  the 
existence,  in  the  insect  which  disseminates  the  parasite,  of  a 
life-cycle  which  results  in  a  contaminative  infection  of  the 
vertebrate  host. 

A  full  account  of  the  trypanosome-cysts  described  in  this  note, 
and  of  other  points  relating  to  Trypanosoma  grayi,  will  be 
published,  with  illustrations,  in  the  "  Quarterly  Journal  of 
Microscopical  Science." 
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INTEODUCTION. 

By  Lt.- Colonel  J.  Will,  E.A.M.C,  Principal  Medical 
Officer,  British  East  Africa  and  Uganda  Protectorates. 

The  first  half-yearly  report  of  the  Medical  Officer  in  Charge 
of  the  Sleeping  Sickness  Extended  Investigations,  Uganda,  is 
a  valuable  one,  and  reflects  much  credit  on  Dr.  Hodges,  the 
Medical  Officer  in  Charge,  for  his  energy  and  ability.  Al- 
though no  new  discovery  of  any  magnitude  regarding  sleeping 
sickness  has  been  disclosed,  it  shows  more  definitely  than  has 
hitherto  been  done,  the  exact  distribution  of  the  Glossina 
pfllpalis,  its  relation  to  the  spread  of  the  disease,  and  indicates 
lines  on  which  it  is  possible  to  control  and  diminish  this  fear- 
ful scourge. 

In  the  early  stage  of  investigation  into  sleeping  sickness  by 
the  Royal  Society's  Commission  under  Colonel  Bruce,  clearing 
the  fly-infested  areas  and  thus  destroying  their  natural  habitat 
was  proposed,  but  at  that  time  the  fly  range  was  not  defined, 
and  was  supposed  to  be  more  extensive  than  these  recent  in- 
vestigations have  proved  to  be  actually  the  case.  Indeed,  it 
has  now  been  shown  that  the  fly  range  is  very  limited.  .Clear- 
ing such  areas  as  are  suggested  in  this  report  may,  therefore, 
now  be  considered  as  practical,  and  a  much  less  onerous  and 
expensive  undertaking  than  was  at  ifirst  supposed. 

Segregation  of  infected  cases  had  also  been  proposed  from 
time  to  time,  but  the  proposal  was  met  with  passive  resistance 
by  the  natives,  probably  influenced  by  their  chiefs,  who  may 
have  been  apprehensive  of  a  decrease  in  their  personal 
revenues  following  on  the  removal  from  their  holdings  of  a 
large  number  of  their  tenants. 

It  is  satisfactory  to  note  that  in  every  locality  where  these 
investigations  were  made,  the  Medical  Officer  was  received 
with  a  degree  of  confidence,  which  not  only  Speaks  well  for 
the  tact  of  the  officers  employed  on  these  investigations,  but 
is  promising  for  the  success  of  any  measures  which  the 
Administration  may  introduce  in  dealing  with  the  disease. 

I  consider  that  segregation  and  clearing  are  the  most  im- 
portant and  practical  measures  that  can  be  adopted  in  the 
present  state  of  our  knowledge,  but  would  also  strongly  advo- 
cate an  extensive  trial  being  made  in  treatment  by  means  of 
atoxyl. 
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I  may  mention  that  while  visiting  the  Imperial  German 
Government's  Commission  on  Sleeping  Sickness  at  Sese,  I  was 
shown  several  cases  of  sleeping  sickness  in  which  a  very 
marked  improvement  had  been  effected  by  the  administration 
of  atoxyl ;  and  Professor  Koch,  under  whose  able  direction  that 
Commission  is  working,  informed  me  that,  judging  by  the 
results  he  had  so  far  obtained,  he  was  very  hopeful  of  the 
success  of  this  drug.  In  this  connection  I  may  further  men- 
tion that  I  have  recently  been  in  communication  with  Dr. 
E.  van  Campenhout,  of  the  Belgian  Colonial  Hospital,  Water- 
raael,  who  some  months  ago  published  notes  of  three  cases  and 
his  method  of  treatment,  and  who  states  that  his  cases,  which 
were  in  a  fairly  advanced  stage  of  the  disease,  are  now 
apparently  cured. 

Dr.  Bagshawe's  discovery  of  the  pupas  of  Glossina  palpalis 
is  important,  insomiich  that  it  may  be  possible  to  destroy  the 
young  of  the  tsetse  fly,  by  introducing  and  protecting  birds 
who  collect  their  food  by  "scratching,"  e.g.,  guinea-fowl, 
spur-fowl,  &c. 


I.  First  Half-yearly  Repokt  of  the  Medical  Officer 
IN  Charge  of  thk  Sleeping  Sickness  Extended 
Investigations  to  the  Principal  Medical  Officer, 
East  Africa  and  Uganda  Protectorates.  Br  Dr.  A.  D.  P. 
Hodges. 

On  January  :20th,  1906,  I  arrived  at  Entebbe  from  Gon- 
dokoro  to  take  charge  of  the  Sleeping  Sickness  Extended  Inves- 
tigations, and  on  January  22nd  I  met  Lieutenant-Colonel 
Will,  the  Principal  Medical  Officer,  there  to  learn  what  was 
intended  in  the  proposed  scheme  and  to  receive  general  in- 
structions as  to  what  was  to  be  undertaken.  I  also  saw  the 
correspondence  on  this  subject  which  had  passed  between  the 
Royal  Society  and  the  iColonial  Ofiice. 

I  at  once  drew  up  a  short  programme  for  the  conduct  of  the 
investigations,  which  met  with  the  Principal  Medical  Ofiicer's 
approval  and  that  of  the  Acting  Commissioner,  and  on 
January  29th  I  comjjleted  the  draft  of  my  general  instructions 
to  the  Medical  Officers  (see  Appendix),  who  were  to  be  under 
my  direction,  but,  owing  to  pressure  of  work  at  the  Govern- 
ment Printing  Office,  these  instructions  were  not  available 
for  circulation  until  Eebruary  20th. 

On  January  29th  the  first  Medical  Officer,  Dr.  Wiggins, 
arrived  from  East  Africa,  and  proceeded  to  Usoga,  which  had 
been  allotted  to  him  as  his  sphere  of  investigation.  On 
Eebruary  5th,  Drs.  Van  Someren  and  IJffmann  arrived,  the 
former  proceeding  immediately  to  investigate  the  district  of 
Kampala  and  the  lake  region  south  of  it,  while  tFe  latter, 
after  a  few  week's  delay  in  Entebbe,  in  order  to  make  himself 
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familiar  with  sleeping  sickness,  the  fly,  the  trypanosome,  and 
the  technique  of  examination,  proceeded  to  carry  out  his  en- 
quiries in  the  country  bordering  on  the  lake  shore  between 
Entebbe  and  the  Usoga  boundary,  including  Bugerere.  Dr. 
Densham,  to  whom  was  allotted  the  Nile  Province,  was  then 
in  medical  charge  of  Nimule  Station,  and  was  unable  to  finally 
hand  over  to  his  successor  until  March  12th,  soon  after  which 
date  he  proceeded  to  investigate  the  northern  limit  of  Glossina 
palpalis  on  the  right  bank  of  the  Nile.  Dr.  Bagshawe  also, 
who  was  to  examine  the  south  and  west  of  the  Protectorate, 
was  in  medical  charge  of  Hoima,  and  was  not  available  for  his 
new  duties  until  March  31st,  a  few  days  after  his  relief 
arrived. 

On  April  1st  I  took  over  charge  of  the  staff,  the  patients, 
and  the  stock  of  animals  left  by  the  Sleeping  Sickness  Com- 
mission of  the  Royal  Society,  and  on  April  14th  I  took  over 
also  the  duties  of  Senior  Medical  Officer  from  Dr.  Moffat. 
Unfortunately  at  this  time,  and  for  three  months  onwards,  an 
abnormal  and  unprecedented  wave  of  sickness,  consisting 
chiefly  of  malaria  and  "dengue  fever,  passed  over  the  country, 
and  prevented  any  opportunity  of  personally  inspecting,  as 
I  had  hoped  to  do,  the  investigations  of  the  Medical  Officers; 
but  I  am  glad  to  record  that  the  general  satisfactory  nature 
of  their  reports  precludes  any  regret  on  that  score. 

The  period  under  review  then,  in  this  report,  is  roughtly  six 
months,  from  the  commencement  of  operations  till  August 
31st,  1906. 

My  main  object  has  been  to  obtain  in  the  first  place  an 
accurate  knowledge  of  the  distribution  and  habits  of  Glossina 
jpaZfolis,  and,  whilst  doing  this,  to  gain  the  coafidence  of  the 
natives,  so  as  to  be  able  the  more  easily  and  profitably  to 
^PPly  later  on  the  preventive  measures  which  might  appear 
advisable,  and  any  form  of  treatment  which  might  in  the 
meantime  or  in  the  future  be  discovered. 

The  result  is  so  far  satisfactory  that  a  sufficient  working 
knowledge  of  the  distribution  of  the  fly  for  practical  purposes 
has  already  been  obtained,  and  though,  as  regards  its  habits, 
there  are  still  important  details  to  be  learned,  I  believe  that 
in  future  its  distribution  will  need  investigating  only  in 
special  places  and  for  special  purposes.  I  think  I  may  also 
say,  judging  from  the  general  reception  of  the  Medical  Officers, 
the  increased  interest  shown  in  their  proceedings,  and  the 
notice  taken,  in  many  places,  of  their  recommendations,  that 
the  confidence  of  the  natives  in  our  motives  and  methods  has 
been  so  far  increased  as  to  render  the  application  of  any 
general  measures  much  more  likely  to  be  successful,  in  many 
parts  of  the  Protectorate,  than  has  been  the  case  in  the  past, 
when  the  general  attitude  has  been  one  of  suspicion  and 
passive  resistance,  or,  at  the  best,  indifference. 
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lu  framing  my  general  instructions  to  the  Medical  Officers, 
me  two  measures  most  in  my  mind  were  segregation  of  the 
sick  and  clearing  of  the  jungle  in  those  haunts  of  the  fly  near 
to  human  dwellings  and  on  traffic  routes,  and  I  was  anxious 
to  toUow  up,  and,  if  possible,  confirm  the  observations  which 
1  had  made  m  Unyoro  and  the  Nile  Province,*  especially 
those  which  seemed  to  me  to  afford  the  hope  that  in  some  form 
or  other  either  or  both  of  these  measures  might  prove  capable 
oi  successful  application. 

I  consider  that  we  now  possess  sufficient  knowledge  of  the 
distribution  of  sleeping  sickness  and  of  the  fly  to  enable  us  to 
say  with  certainty  what  places  it  is  most  important  to  clear, 
and  to  judge  with  a  fair  amount  of  accuracy  to  what  extent 
the  clearing  should  with  advantage  be  carried ;  Avhile  we  can 
also  decide  definitely  from  what  localities  the  sick  should  be 
removed  and  to  what  localities  they  can  be  removed  with 
absolute  safety  to  the  community  as  regards  infection. 

Hitherto  the  results  of  clearing  as  it  affects  the  fly  have  not 
been  well  understood,  nor  has  it  seemed  to  be  realised  to  what 
extent  and  in  what  localities  it  was  most  urgent.  And,  in 
particular,  confusion  of  ideas  has  existed  as  to  what  con- 
stitutes an  "  infected  locality,"  so  that  it  will  be  well  at  once 
to  state  definitely  what  the  term  might  be  supposed  to  include, 
and  also  what  is  meant  by  it  in  this  report. 

An  infected  locality  as  regards  the  fly  is  a  fly-range  or 
series  of  fly-ranges  which,  directly  or  indirectly,  by  settlement 
or  communication,  is  in  contact  with  a  place  or  places  in 
which  there  is  sleeping  vsickness,  and  it  will  remain  infected 
so  long  as  it  is  in  contact  with  such  places,  and,  if  contact  be 
cut  off,  so  long  as  infection  endures  in  the  fly,  which  is  at 
present  an  unknown  quantity.  It  is,  therefore,  a  circum- 
scribed area,  consisting  of  a  narrow  strip  from  a  few  yards  to  a 
few  miles  in  length,  along  a  lake  shore  or  river  bank,  in  which 
area  the  disease  is  communicable  to  man,  and  in  which  the 
duration  of  infection,  after  all  infected  vertebrates  have  been 
removed,  is  at  present  unknown. 

An  infected  locality,  as  regards  human  beings,  on  the  other 
hand,  may  be  of  very  much  wider  extent,  and  in  it  the 
disease  is  not  catching,  except  where  it  coincides  or  comes  in 
contact  with  the  fly-ranges  (which  form,  as  a  rule,  a  very 
small  proportion  of  it).  I  think,  therefore,  that  it  would  be 
better,  for  the  sake  of  clearness,  to  use  the  term  "  infective  " 
to  describe  the  former  locality  and  to  retain  the  term 
"  infected  "  for  the  latter  only. 

It  is  these  "  infective  localities  "  which  need  to  be  destroyed, 
wherever  practicable,  by  clearing ;  and  it  is  from  these  locali- 
ties and  from  comjnunication  with  them,  where  their  destruc- 
tion by  clearing  or  otherwise  is  not  practicable,  that  it  is 
necessary  to  remove  the  sick. 

•  Since  published  in  Report  No.  VIII. 
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Segregation  has  been  more  tlian  once  brought  forward  as  a 
general  measure,  but  rather  in  the  form  of  a  prolonged 
quarantine,  and,  owing  to  the  uncertainty  felt  with  regard  to 
finding  safe  locations  for  those  who  were  to  be  segregated,  and 
also  as  to  the  exact  localities  from  which  all  the  sick  should 
be  removed — ^owing,  in  fact,  to  the  impossibility  of  forming 
any  clear  idea  as  to  the  necessary  extent  of  the  undertaking — 
the  plan  has  been  abandoned. 

I  hope  to  be  able  to  show,,  in  the  course  of  this  report,  that 
neither  of  the  above  measures,  extensive  though  they  both  may 
be,  is  of  nearly  so  vast  a  magnitude  as  has  been  feared,  and 
that,  whatever  difficulties  may  stand  in  the  way,  their  appli- 
cation in  some  form  or  another  should,  if  any  effort  at  all  is 
to  be  made,  be  begun  withoiit  further  loss  of  time  and  while 
there  yet  remains  the  possibility  of  saving  many  lives. 

With  regard  to  sleeping  sickness  and  its  distribution,  little 
has  been  added  to  our  former  knowledge,  and,  except  for  a 
gradual  extension  northwards  in  the  Nile  Province,  which 
may  be  an  extension  only  as  regards  our  knowledge  of  its 
existence  there  (see  below),  it  remains  practically  in  statu  quo. 
On  the  whole  the  reports  seem  to  show  that  cases  are  con- 
siderably less  numerous  than  formerly,  probably  on  account 
of  the  large  proportion  of  the  inhabitants  of  the  worst  locali- 
ties who  have  already  died,  and  of  the  fact  that  many  of  the 
survivors  from  these  places  have  fled  inland.  The  disease 
has  been  everywhere  found  to  be  most  closely  associated  with 
the  fly,  and  apparently  there  has  been  no  difiiculty  in  deciding 
that  all  cases  found  at  a  distance  from  the  haunts  of  Glossina 
palpalis  are  "  imported  "  ones. 

On  my  way  from  Oondokoro  in  December,  1905,  to  assume 
charge  of  these  investigations,  I  foimd  sleeping  sickness  to  be 
epidemic  at  two  places  on  the  Nile  bank  midway  between 
Nimule  and  Wadelai.  At  both  these  places  fly  was  present, 
and  at  neither  was  there  a  customary  camping-ground  for 
travellers.  It  was  evidently  not  a  very  recent  introduction, 
and  the  Medical  Ofiicer  w)io  has  since  investigated  there 
reports  it  to  be  of  at  leasX  four  years'  standing  in  that  region. 
In  my  former  report  I  recorded  the  fact  that  iGlossina  palpalis 
was  present  on  most  of  the  inland  streams  north  of  the  Vic- 
toria Nile,  and  probably  on  all,  wherever  the  conditions  of 
open  water,  shade,  &c.,  were  favoiirable  to  it.  This  particular 
part,  however,  I  was  unable  to  examine,  except  at  the  two 
places  at  which  the  steam-launch  touched,  which ,  carried  me 
from  Wadelai  to  Nimule.  It  is,  in  fact,  a  part  seldom  tra- 
versed on  land  by  ofiicials,  and  then  always  as  rapidly  as 
possible,  owing  to  the  great  difiiculty  in  obtaining  portei's ; 
and  that  appears  to  be  the  reason  why  the  disease  failed  to 
come  under  notice  earlier.  Moreover,  there,  contrary  to  what 
obtains  at  most  other  places,  the  fly,  and  therefore  sleeping 
sickness  also,  is  mxich  more  plentiful  on  the  inland  streams 
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n  this  part  oi  its  course,  at  least  on  the  Uganda  side.  Inter- 
on  tfTT^'f'?-^!^^^^'         i-l^-d        across  the  Ml  , 
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Tinr  ,^^^erous  and  the  villages  are  scattered, 

I  feai  there  is  little  hope  but  that  the  infection  will  even- 
tally  spread  as  far  as  the  northern  limit  of  the  fly,  which  is, 

The  e  .-rf  fO      50  miles  south  of  Gondokoro! 

Iheie  IS  however,  little  chance  of  an  epidemic  of  the  magni- 
tude of  that  of  the  Victoria  Nyanza.  ^ 

A  small  and  circumscribed  epidemic  was  found  by  Dr 
VViggms  to  exist  between  Usoga  and  Mount  Elgon,  and  will 
be  referred  to  later.  The  genuineness  of  the  epidemic  reported 
to  exist  some  time  ago  on  Lake  Albert  Edward  is  open  to 
serious  doubt,  as  will  be  seen  below.  It  is  probable  that  it 
may  turn  out  to  be  beri-beri  or,  perhaps,  both  this  disease  and 
sleeping  sickness  may  be  present,  since  the  fly,  at  any  rate,  is 
plentiful  there.  Unfortunately  it  has  been  impossible  hitherto 
to  investigate  it  thoroughly,  owing  to  political  reasons. 

I  did  not  anticipate  that  the  Medical  Oflicers,  who  have 
been  constantly  travelling,  would  be  able  to  do  very  much  in 
the  way  of  microscopical  investigation  and  experiment,  but 
accoimts  of  some  ingenious  and  interesting  experiments  by 
Dr.  Bagshawe  on  the  flight  of  Glossina  'palfalis  along  river 
banks  are  given,  and  also  a  report  by  Dr.  Van  Someren  on  the 
presence  of  Trypanosoma  gamhiense  { ?)  in  naturally-infected 
native  dogs. 

Incidentally,  I  have  caused  enquiries  to  be  made  into  the 
existence  m  the  Uganda  Protectorate  of  the  fly  Auchmemviyia 
and  its  larvse,  the  Congo— or  floor-maggot,  and  it  seems  likely 
that  Auchmeromyia  luteola,  and  possibly  other  species,  will  be 
found  to  be  widely  distributed,  but  the  identification  of  speci- 
mens IS  not  yet  complete.*  Also  a  disease  (or  diseases)  called 
by  the  natives  ruhinyo,  muhinya,  enya-enya,  and  bihimbo, 
the  names  being,  apparently,  used  indiscriminately  and  inter- 
changeably, has  received  attention.  An  epidemic  called  by 
one  or  more  of  these  names  had  been  reported  from  Ankole, 
and,  when  Dr.  Bagshawe  arrived  at  Lake  Albert  Edward  to 
investigate  the  epidemic  there,  about  the  only  facts  that  he 
could  gather  were  that  there  certainly  was  an  epidemic,  and 
that  it  was  called  ruhinyo. 

Since,  therefore,  ruhinyo  or  muhinya  has  been  rumoured 
to  exist  in  the  interior  of  Toro  as  well  as  in  Ankole,  and  I 
had  already  instructed  Dr.  Lowsley,  the  Medical  Officer  of  the 
latter  Province,  to  investigate  it  there,  Dr.  Bagshawe  was  at 
once  directed  to  examine  the  inland  epidemic  of  Toro.  Dr. 


Report  since  received  from  Mr.  E.  E.  Austen,  British  Museum.  The 
fly  or  maggot  of  A.  luteola  has  be^n  collected  in  Uganda,  Usoga,  Unyoro, 
and  the  Nile  Province. 
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Bagshawe  thinks,  and  I  agree  with  him,  that  there  is  little 
room  for  doubt  that  the  epidemic  which  he  then  examined  is 
beri-beri,  a  disease  new  to  our  experience  in  this  country. 

I  had  hoped  that  an  enquiry  as  to  whether  Glossina  morsitans 
and  other  tsetse  flies  can  convey  Trypanosoma  gamhiense  could 
have  been  commenced  ere  this,  but  it  has  been  found  necessary 
to  postpone  it.  It  will,  however,  in  all  probability  be  under- 
taken shortly. 

It  is  a  matter  of  very  grave  importance,  and  especially  so  in 
the  Nile  Province,  where,  as  I  found  during  my  term  of  resi- 
dence, both  Morsitans  and  Pallidi'pes  are  present,  and,  in  some 
places,  abound.  'They  are  to  be  found,  probably  co-extensive, 
from  Northern  Unyoro  to  the  northern  border  of  the  Protec- 
torate, and  how  far  beyond  this  I  am  unable  to  say,  but  they 
become  more  plentiful  just  where  Glossina  palpalis  has  its 
limit,  and,  if  unfortunately  they  can  convey  the  infection,  the 
epidemic  may  spread  into  the  Sudan.  My  own  belief  is,  how- 
ever, that  they  will  not  prove  to  be  natural  carriers. 

In  my  previous  report  I  pointed  out  that  there  is  no  con- 
tinuous "  fly-belt "  across  the  Uganda  Protectorate,  but  the 
Glossina  palpalis  exists  in  certain  circumscribed  strips  or 
narrow  patches  along  the  margins  of  lakes,  rivers  and  streams. 
These  areas  I  propose  to  call  "  fly-areas,"  and  the  limit  of 
flight  from  the  waterside  at  such  places  the  "  fly-range," 
reserving  the  term  "  fly-belt,"  which  has  been  very  loosely  used, 
and  had  no  well-defined  meaning,  to  describe  the  limits  of 
distribution  across  the  continent.  I  have  already  used  these 
terms  above  and  I  propose  to  adhere  to  the  definitions  through- 
out this  report. 

I  also  showed  that  the  fly-areas  and  fly-ranges,  both  of  which 
are  local  and  vary  with  the  locality,  are  much  narrower  than 
had  previously  been  supposed;  thaty  far  from  inhabiting 
swamps,  the  fly  rather  avoids  them,  and  is  absent  or  scanty  on 
the  true  shore,  even  if  shaded,  behind  wide  belts  of  swamp, 
while  it  is  practically  never  met  with  on  swamps  pure  and 
simple  nor  on  swamp-filled  rivers  and  streams  (which  I  shall 
call  hereafter,  for  the  sake  of  brevity,  "  swamp  rivers  ") ;  that 
the  conditions  most  suitable  to  them  are  open  water,  however 
small  in  extent,  contiguous  shade  and  a  certain  amount  of 
raised  or  definite  bank.  I  recorded  also  the  fact  that  Glossina 
palpalis  was  present  on  most  or  all  of  the  inland  streams  which 
are  open,  with  running  water,  wherever  there  was  sufiicient 
shade,  and  that,  in  the  case  of  very  narrow  streams,  this  might 
be  afforded  sometimes  by  high  or  over-hanging  banks  or  even 
by  long  grass. 

I  described  how  it  is  probable  that  in  most  cases  sleeping 
sickness  is  conveyed  from  place  to  place  by  man,  especially 
along  main  trafiic  routes,  and  from  man  to  man,  in  suitable 
localities,  by  the  fly;  how  in  any  epidemic  area  the  local 
intensity  of  infection  varies  with  certain  physical  and  g©o- 
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ntl..,      t   f '  t^^'l  ^""^  ^^^''^  conditions  again  interact  with 
li?^        ""^i'^Z  ""^"^^^^^       ^^^^^  inhabitants,  to  deter- 
mine the  magnitude  of  an  epidemic  and  the  direction  of  its 
spieacl,  these  last  conditions  being,  chiefly,  density  of  popula- 
tion relation  of  dwellings  and  occupations  to  local  fly-ranges 
and  the  methods  and  frequency  of  intercommunication :  and  I 
showed  how  certain  localities  within  or  in  contact  with  fly- 
ranges  are  reciprocally  infective,  while  others,  beyond  the  fly- 
range,  can  be  infective  only  via  the  fly-ranges,  the  chances  of 
tiie  spread  of  infection  varying  with  the  distance  therefrom  and 
the  frequency  and  facility  of  communication  therewith ;  also 
that  it  IS  possible  for  settlements  well  outside  the  local  fly- 
ranges,  if  so  situated  as  to  be  in  frequent  and  easy  communi- 
cation with  them,  perhaps  on  several  sides  (as  often  happens 
m  an  island  or  a  peninsula),  to  show  a  very  high  percentage  of 
infection  among  their  inhabitants,  although  the  transmission 
of  infection  is  impossible  within  their  precincts,  and  I  attached 
diagrams  to  illustrate  these  points  and  also  to  show  the  probable 
method  of  extension  of  the  Lake  Victoria  epidemic,  the  most 
probable  connection  between  it  and  the  Lake  Albert  and  Nile 
epidemic  and  the  probable  direction  of  spread  in  the  near 
future. 

I  will  now  give  a  short  summary  of  what  the  various  Medical 
Officers  engaged  in  the  extended  investigations  have  recorded. 

All  agree  that  the  haunts  of  Glossina  jpalpalis  are  close  to 
open  water  with  shade,  especially  that  of  undergrowth  and 
scrub.  Dr.  Bagshawe  notes  that  the  banks  are  often  steep  and 
generally  have  a  decided  slope.  Dr.  Densham  mentions  that 
most  of  inland  streams  on  which  the  fly  abound  (which  are 
always  open,  flowing  streams)  have  steep  or  definite  banks. 
Dr.  Wiggins  describes  a  peculiar  distribution  on  the 
Mpologoma  River  (which  is  so  extensive  that  it  more  nearly 
resembles  a  great  lake,  the  greater  part  of  which  is  choked 
with  sudd),  where  fly  is  absent  on  the  numerous  creeks,  which 
run  inland  often  for  miles,  choked  with  swamp  and  having 
no  definite  banks,  while,  in  the  few  places  where  it  is  present, 
it  is  found  on  the  true  shores  or  those  parts  or  points  nearest 
the  main  body  of  the  lake  where,  in  all  probability,  the  banks 
would  be  comparatively  firmer  and  higher  and  there  is  more 
likelihood  of  the  existence  of  patches  or  strips  of  open  water  at 
the  sites  of  ferries,  landings  and  dipping-places.  Dr.  Van 
Someren  describes  one  of  the  few  inland  streams  in  his  district 
on  which  fly  was  present  as  having  very  well-defined  banks. 
VTe  may  take  it,  then,  that  the  essentials  of  a  typical  fly-area 
are  more  or  less  open  water,  with  contiguous  and  especially 
overhanging  shade,  preferably  of  scrub  (though  in  very  narrow 
streams  high  banks  or  even  high  grass  may  be  sufficient),  and 
"a  certain  amount  of  fairly  well-defined  bank  or  shore,  this  last 
being  essential y  in  all  probability,  for  the  breeding-grounds. 


11 


All  tlie  Medical  Officers  agree  as  to  tEe  absence  or  only  occa- 
sional pi-esence  of  fly  on  the  truo  shore  behind  wide  belts  of 
papyrus  or  other  luxuriant  and  close-gi-owing  swamp-vegeta- 
tion, even  though  this  shore  may  be  well  shaded  and  other- 
wise favoiirable  to  it,  but  they  differ  as  to  the  width  of  such 
a  belt  necessary  to  ensure  its  absence.  Dr.  Van  Someren  found 
in  his  district  that  30  yards  and  upwards  was  sufficient,  and 
that  flies  are  seldom  seen  either  on  the  lake  or  shore  side  of 
such  a  belt,  while  the  only  width  of  belt  mentioned  by 
Dr.  Wiggins  behind  which  fly  was  absent  is  100  yards.  No 
doubt  the  necessary  width  varies  in  different  localities  and 
with  other  factors — such  as  the  abundance  of  flies,  the  amount 
and  kind  of  food  supply,  the  existence  of  canoe  or  other  traffic 
through  it  with  neighbouring  fly-areas  from  which  a  certain 
number  might  be  "  imported,"  and  with  the  length  or  extent 
of  the  belt  along  the  shore  or  bank. 

All  are  agreed  that  if,  as  occasionally  is  the  case,i  especially 
where  the  sudd  or  swamp  has  floated  in  from  elsewhere  and 
has  not  grown  out  from  a  low,  swampy  shore,  there  remain 
patches  or  strips  of  open  water  at  the  true  foreshore  behind 
the  swamp-belt,  fly  may  be  found  at  these  places  if  the  other 
conditions  are  favourable  to  it,  but  that  on  the  outer  margins 
of  even  a  moderately  wide  belt  the  fly  is  not  found.  Narrow 
belts  of  papyriis  or  other  such  vegetation  are  not  antagonistic 
to  the  fly,  nor  are  open  reeds,  nor  other  small  or  sparsely- 
growing  water-weeds.  I  may  add  that  the  presence  of 
ambatch-bushes  at  the  true  shore  or  in  the  water  near  it,  since 
other  vegetation  seldom  penetrates  them  to  any  great  extent, 
always  means  the  existence  of  a  little  comparatively  open 
water,  and  is  thus  favourable  to  the  fly,  but  by  no  means  an 
invariable  sign  of  its  presence. 

All  are  agreed  that  Glossina  'pal'palis  does  not  exist  on 
swamp-rivers;  and  it  is  either  absent  or  very  scanty  on  the 
swampy  parts  of  comparatively  open  rivers.  Since  practically 
all  the  inland  waters  of  Uganda  proper,  Buddu,  South  and 
East  Unyoro,  and  Western  Usoga  are  of  this  natirre,  the  very 
important  fact  remains  that  practically  the  whole  interior  of 
these  regions  is  fly-free,  and  therefore  "  safe,"  country.  The 
only  notable  exception  to  the  above  rule  is  part  of  the  main 
trunk  or  basin  of  the  Mpologoma  which,  as  has  just  above  been 
mentioned,  is  really  a  lake.  There  are  also  streams  in  iSouth 
Usoga,  apparently  of  a  swampy  "niature,  on  some  of  which  fly 
was  found.  It  is  not,  however,!  clearly  stated  whether  patches 
of  open  water  existed  in  their  course,  but  only  that  thick,  over- 
hanging shade  and  dense  surrounding  jungle  were  the  rule 
upon  their  banks.  Further,  they  were  examined  under  the 
abnormal  and  most  unusual  conditions  of  flood  and  lake-level, 
referred  to  elsewhere.  Dr.  Uffmann  records  the  presence  of  fly 
on  streams  near  Munyunyu  which  were  narrow  and  edged  with 
papyrus,  but  with  a  clear  central  channel  over-hung  by  shade. 
In  my  own  experience  the  smallest  trickle  of  a  forest-stream  is 
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neaiest  the  water.    This  accords  entirely  with  my  .own  obser- 
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±iom  the  water,  if  there  is  little  or  no  intervening  bush  or 
scrub,  are  safe  and  that  bananas  by  themselves,  unless  at  the 
water  s  edge,  do  not  afford  sufficient  cover  for  the  fly.  Small 
patches  near  the  water  and  shut  in  by  dense  forest  or  jungle,  or 
placed  directly  between  this  and  the  water,  are,  however,  most 
aangerous. 

Drs.  Bagshawe,  Van  Someren,  and  Uffmann  specially  note, 
and  i  have  often  observed  myself,  the  absence  of  fly  along  the 
shore  at  the  open  grassy  spaces  which  form  breaks  in  the  jungle 
or  forest-fringe  of  lake  or  river,  and  that  at  such  spaces,,  even 
when  comparatively  narrow,  there  are  definite  gaps  in  the 
distribution  of  the  fly.  The  two  former  note  its  absence  both 
on  the  lake-shore  and  also  at  the  forest  edge,  when  the  forest 
IS  separated  even  by  only  20  or  30  yards  of  clear  ground  or 
moderately  short  grass  from  the  water,  and  this  observation 
also  I  can  confirm.  It  is  important  in  clearing  to  remember 
that  the  long-shore  range  is  naturally,  and  can  be  artificially, 
limited  by  open  spaces. 

Dr.  Yan  Someren  describes  one  very  curious  and  unusual 
condition  under  which  Glossina  palpalis  was  absent  from  the 
lake-shore.  The  Owamba  swamp,  which  is  long  and  very 
narrow,  .stretches  for  some  miles  along  the  coast  of  Buddu, 
separating  the  beach,  -which  is  a  thin,  sandy  strip  of  slightly 
higher  level  than  the  swamp  itself,  and  over  which  the  lake 
Tvashes  in  rough  weather,  irom  the  forest  or  jungle  fringe 
inland  by  a  distance  which  is  often  only  from  20  to  40  yards. 
This  beach  consists  of  a  shelving  bank,  on  the  top  of  which  are 
scrub,  small  trees  and  grass,  all  of  which  the  lake  being  open 
at  this  part  and  free  from  sudd,  are  favourable  to  Glossina 
palpalis,  and  yet  it  was  never  found  either  on  the  beach  or  at 
the  forest  edge  except  at  a  few  points  where  there  were  many 
open  pools  in  the  intervening  swamp.  It  is  evident,  therefore, 
that  swamp,  unless  it  contains  open  water  and  shade,  is  just 
as  inimical  to  the  presence  of  the  fly  as  clear  ground  or  open 
grass. 

It  was  found  that  Glossina  palpalis  was  never  present  in 
isolated  patches  of  scrub  or  forest  not  contiguous  with  the 
water  side,  and  I  think  it  seems  pretty  certain  that  it  is  absent 
from  all  forest  unconnected  M'ith  lake-shore  or  river-bank 
unless  such  forest  includes  streams  or  open  (pools  within  its 
own  precincts. 
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TVTiile  the  conclusions  as  to  the  habitat  of  the  fly  show  little 
divergence,  the  recorded  experience  as  to  its  local  range, 
though  varying  a  good  deal,  shows  a  satisfactory  agreement 
with  regard  to  its  average  extent,  since  no  doubt  one  would 
naturally  expect  a  greater  local  and  seasonal  variation  of  the 
range  than  of  the  physical  conditions  of  tlie  very  circum- 
scribed localities  affected  by  the  fly. 

The  average  "  natural "  range  {which  term  I  will  define 
presently)  is  put  by  Drs.  Yan  Someren  and  Densham  at  10-30 
yards  from  the  water,  and  the  same  distance  over  water  to  a 
passing  or  incoming  boat,  while  Dr.  Uflmann  puts  it  at  only 
10  to  15  yards.  Dr.  Densham  mentions  that  he  has  only  once 
seen  a  fly  in  his  camp,  which  was  at  the  time  50  yards  from  the 
water,  and  that  he  has  frequently  attended  to  numerous  sick 
natives  in  his  various  camps,  at  a  distance  of  from  50  to  150 
yards  from  water,  without  once  seeing  a  fly,  though  he  was 
always  on  the  watch.  On  the  other  hand  Dr.  Bagshawe  found 
by  direct  experiment^  at  one  of  the  rivers  running  into  Lake 
Albert  Edward,  that  flies  came  from  the  water  to  a  distance  of 
50  to  80  yards,  in  a  very  short  time,  and  in  fair  numbers,  and 
bit  some  of  his  porters  whom  he  had  placed  at  these  distances. 
Dr.  Wiggins,  too,  while  in  South  Usoga,  frequently  found  fly, 
at  any  rate  in  one  neighbourhood,,  half  a  mile,  isometimes  a 
mile,  and  on  one  occasion  two  miles,  from  any  known  water, 
though  in  other  parts  of  TJsoga,  e.g.,  on  the  Mpologoma,  Nile 
and  a  few  inland  streams,  he  found  much  the  same  average 
range  as  the  other  observers,  namely,  10-20  yards.  His  obser- 
vations in  South  TJiSoga,  however,  were  made  under  such 
abnormal  conditions  as  might  not  occur  again  for  many  years. 
Both  Dr.  Wiggins  and  Dr.  Bagshawe  have  occasionally  noticed 
Glossina  palpalis  in  their  camps  or  tents  at  distances  of  300 
yards  or  more  from  water,  while  Dr.  Van  Someren  found  fly  at 
300  yards  from  water  on  one  occasion  only,  in  a  densely- 
wooded  locality  on  the  Sese  Islands. 

Dr.  Bagshawe  states,  as  a  general  rule,  that  wherever  he  has 
found  a  fly  there  has  always  been  water,  with  overhanging 
shade,  either  on  the  spot  or  within  300  yards.  All  seem  to  be 
agreed  that  the  distance  which  flies  will  follow  from  their 
haunts  after  their  victims  does  not,  as  a  rule,  exceed  300  yards 
from  water,  though,  on  a  few  occasions,  where  they  have  found 
special  facilities  for  shade,  single  flies'  have  followed  or  been 
carried  more  than  twice  this  distance. 

The  range  over  water  seems  to  be  much  the  same  as  on  land, 
and_  Dr.  Yan  Someren  says  that  he  finds  80  yards  about  the 
limit  to  w'hich  flies  will  "  follow  "  or  accompany  a  canoe  from 
the  water's  edge.  This  is  very  likely  true  for  the  majority  of 
flies,  as  it  is  also^  on  land,  but  a  few  will  follow  for  longer 
distances,  while  individuals,  especially  such  as  are  gorged, 
may,  if  they  can  find  shade  where  they  can  remain  undisturbed, 
as  under  the  unoccupied  thwart  of  a  boat  or  in  various  parts  of 
a  vessel  of  any  size,  be  carried  for  great  distances.    It  is  very 
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unlikely  however  that,  on  a  native  cano©,  where  there  is  little 
shade  and  generally  constant  movement,  flies  would  be  carried 
more  than  a  few  hundred  yards,  and  then  it  would  be  only 
occasional  ones. 

Several  Medical  Officers,  and  I  myself  also,  have  observed 
that^(r^05.ma  pa/pa^,,  can  bite  through  clothing  such  a.s  khaki 
or  a  flannel  shirt,  but  they  seldom  attempt  it,  and  much  pilfer 
ieeding  on  the  bare  skin.  No  evidence  has  been  adduced  of 
tlieir  ieedmg  on  anything  but  vertebrate  blood,  with  regard  to 
wHich  they  are,  so  far  as  my  observations  go,  omnivorous. 
-Ur.  ±5agshawe  has  noted  their  abundant  presence  in  regions 
where  there  were  no  crocodiles.  There  is  general  agreement 
tiiat  (rlosszna  jmljmhs,  though  a  lover  of  shade,  is  more  active 
during  bright  sunshine  and  less  so  in  dull,  cloudy  weather 
while  during  rain  and  high  wind  it  retires  almost  completely'. 
It  is  .also  less  active,  and,  unless  in  places  where  it  is  very 
numeiXDUs,  seldom  seen,  before  8  to  8.30  a.m.  and  after  4  to 
4.30  p.m.,  though  no  period  of  the  day  is  entirely  safe  from  it. 

This  .confirms  what  I  have  previously  recorded,  and  Dr  Van 
Someren  mentions,  in  addition,  that  he  has  noticed  a  much 
decreased  activity  towards  noon  and  lasting  till  1  or  2pm  He 
also  gives  some  interesting  counts  which  illustrate  what  has 
just  been  said  :  — 

7.30  a.m.  ... 
10  to  10.30 

10.30  to  11 


No  flies  ...  Cloudy  and  dull  f  This  count  shows  very 
..  Two  females]  |     well  the  influence  of 

SIX  males  (  Sunshine  at  j  dull  weather  in  the 
..  Two  females  r     intervals.     1     small  number  captured 

and  these  only  in 
bright  intervals. 


two  males  ) 
11.30  to  12.30  p.m.  Nil  Heavy  rain 

The  following  three  counts  were  made  at  the  same  place  on 
consecutive  days :  — 


(1) 


(2) 


(3) 


Hour. 


AM. 
7.45  to 
8.45  „ 
9.45  „ 
10.45 


A.M. 

8.45 
9.45 
10.45  , 
11.45  . 

P.M. 

12.45  , 


11.45  , 

P.M. 

12.45  , 

Bright 
continued 
the  time. 


1.45  ... 
sunshine 
all 


Flies 
Caught, 


Hour. 


2 
7 
17 
24 

6 


A.M.  A.M. 

7  to  8 

8  „  9 

9  „  10 
10  „  11 

From  9— 10 dull 
and  cloudy. 
About  10  rain 
began  and  the 
flies  disap- 
peared. 


Flies 
Caught, 


Hour. 


Flies 
Caught. 


4 
25 
5 


A.M. 

7.15  to 
8.15  „ 
9.15  „ 
10.15  „ 

11  15  „ 

P  M. 

12.15  „ 
1.15  „ 
2.15  „ 
3.15  „ 
Sunshine 
cloudy 
vals. 


A.M. 

8.15... 
9.15... 
10.15... 
11.15... 

P.M. 

12.15... 

1.15... 
2.15... 
3.15... 
4.15... 

with 
inter- 


4 
21 
11 


5 
3 
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Owing  to  the  situation  chosen  no  direct  sunlight  fell  on  the 
place  of  observation  after  3  p.m.,  when  it  was  found  that  ruo 
flies  were  obtainable.  These  counts  show  fairly  well  the  in- 
fluence both  of  weather  and  of  the  time  of  day. 

Investigations  have  also  been  made  into  the  numerical  pro- 
portions of  male  to  female  flies  in  various  fly-areas,  which  varies 
greatly,  and  probably  bears  some  relation  to  the  breeding- 
season  (if  there  be  such),  or  to  the  proximity  of  the  breeding- 
grounds,  or  to  both.  In  mos't  cases  males  have  predominated, 
and  Dr.  Bagshawe  is  the  only  observer  in  whose  experience 
the  reverse  was  the  case.  He  is  inclined  to  think  that  females 
are  more  numerous  where  human  (vertebrate  ?)  blood  is  easily 
obtained,  and  that  tJiey  wander  further  than  do  the  males  in 
search  of  food.  Some  figtires  which  he  gives  seem  to  support 
this  view,  but  nothing  definite  has  yet  been  proved,  and  the 
sex  of  such  flies  as  have  been  taken  at  unusual  distances  from 
water  has  been  recorded  in  too  few  instances  at  present  to  be 
of  any  decided  value  though,  so  far,  they  seem  to  have  been 
more  often  femalesi. 

I  do  not  propose  to  relate  here  the  deplorable  ravages  of 
sleeping  -sickness  which  have  been  recorded  in  their  reports  of 
certain  localities  by  those  Medical  Officers  who  have  examined 
the  most  highly-infected  districts.  The  state  of  things  existing 
in  such  places  has  already  been  sufficiently  well  described 
for  the  situation  to  be  well  understood;  it  is  not  materially 
altered  with  regard  to  them,  nor  do  I  think  it  is  under-estimated 
at  present,  either  in  existing  accountis  or  in  the  general 
impression  which  prevails  among  the  public.  I  will  only  state 
here  that,  however  great  the  past  ravages  and  however  high 
the  existing  percentage  of  infection  (and  in  some  of  the  worst 
localities  I  fear  this  is  very  high),  recent  investigations  show 
that  the  "  infective "  areas,  those  areas  in  which  the  disease 
is  communicable  to  man,  are  much  more  eircumscribed  than 
was  supposed,  while  the  "  safe "  or  fly-free  area  in  the  Pro- 
tectorate is  very  much  more  extensive  than  at  one  time  it  was 
dared  to  hope. 

These  are  facts  which  are  not  only  reassuring  in  themselves 
as  limiting  the  possible  area  of  epidemic,  but  are  also  distinctly 
favoura'ble  to  the  successful  application  of  preventive  measnrciS. 

I  decided  that  it  was  of  no  immediate  importance  to  collate, 
as  I  at  first  intended,  elaborate  statistics  of  cases,  death-rate, 
percentage  of  present  infection,  &c.,  from  the  several  districts 
which  are  being  investigated.  This  would  have  been  not  only 
extremely  difficult  to  carry  out  in  the  first  instance  among  our 
native  population,  but  would  have  involved  .a  very  great 
expenditure  of  time  and  labour  which,  I  eonsidered,  could  be 
for  the  time  being  more  profitably  employed,  especially  since 
no  records  exist  of  suffieient  accuracy  with  which  to  make 
usefixl  comparison,  and  I  wished  to  concentrate  our  investiga- 
tions at  first  on  such  points  asi  might  elicit  or  determine  facts 
which  appeared  to  be  of  more  immediate  practical  value. 
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I  saw,  too,  that  if,  as  I  had  reason  to  hope  and  believe,  the 
n3     f  •       f       investigation  ^shonld  favour  the  .successful 
application  of  any  form  of  segregation  or  deportation  from 
mfective  areas   any  such  figures  would,  if  .collected,  be  i^n- 
dered  practically  useless  by  the  shifting  of  inhabitants,  entailed 
r^lJl'T  f  "'TY^-       ^«^sider  that  now,  how.ever,  with  our 
present  knowledge,  the  time  will  soon  arrive  when  such 
statistics  must  be  collected.    They  should  be  as  accurate  as 
It  IS  possible  to  make  them,  and  should  prove  of  the  greatest 
value  for  comparing  with  similar  figures  which  may  be  obtained 
later  on,   after   the  application   of  preventive   or  curative 
methods,  or  of  both,  for  any  given  period.    I  should  pix)po&e 
that  they  be  taken  only  from  one  or  two  definite  and  not  too 
extensive  areas,  which  should  be  selected  with  regard  to  the 
reliability  of  the  figures  likely  to  be  obtained  in  them,  their 
existing  conditions  as  regards  sleeping  sickness  and  fly-dis- 
tribution,  and  the  facilities  which  they  offer  for  being  dealt 
with  by  preventive  and  curative  measures. 

.Sufficient  time  has  not  yel  elapsed  for  the  Medical  Officers  to 
be  able  to  report  the  effects  of  the  local  clearings  which  have 
been,_  or  are  being,  carried  out  in  their  districts,  but  sufficient 
practical  knowledge  has  been  gained  of  the  effects  of  clearing 
atEntelbbe,  Jinja,  and  elsewhere,  where  some  considerable  time 
has  elapsed  since  it  was  undei-taken.  Dr.  Bagshawe,  however, 
records  the  fact  that  the  clearing  of  scrub  for  a  space  of  about 
100  yards  by  50  yards  on  only  one  side  of  the  ferry  on  the 
lower  Mpanga  Eiver  immediately  banished  all  the  flies,  which 
were  previously  numerous,  from  the  ferry  itself,  and  this 
although  all  the  large  ti-ees  were  left  standing.  This,  no  doubt, 
is  a  particularly  favourable  instance,  and  probably  a  success  so 
marked  would  not  be  lasting  in  its  completeness,  but  it  never- 
theless serves  to  show  the  immediate  detrimental  effect  which 
clearing  of  foreshore  or  river-bank  has  on  Glossina  'pal'palis. 

Dr.  Bagshawe  has  collected  Glossina  fusca  in  the  .country 
bordering  on  the  north  and  east  of  Lake  Kafuru  (Albert 
Edward),  and  Dr.  Densham  has  collected  Glossina  morsitans 
from  the_  neighbourhood  of  N'imule  and  Glossince  pallidipes 
and  morsitans  from  between  there  and  Wadelai.  The  localities 
will  be  found  marked  on  the  accompanying  map  (No.  I.),  and 
on  another  map,  also  attached,  which  I  have  compiled  of  the 
distribution  of  the  several  species  of  tsetse  flies  found  in  the 
Protectorate.    (Maps  Nos.  II.  and  III.) 

The  general  distribution  of  Glossina  palfalis  in  the  Uganda 
Protectorate  will  b©  best  seen  on  the  accompanying  map,  No.  I., 
where  it  is  recorded  as  accurately  as  is  possible,  and  also  that 
of  sleeping  sickness,  which,  most  intense  in  the  infected  fly- 
ranges,  radiates  or  shades  off  from  these  and  penetrates  inland 
to  a  greater  or  less  distance,  according  to  the  prevalence,  in- 
tensity and  reaction  on  one  another,  at  the  corresponding  coast 
or  river-side,  of  the  various  conditions  which  I  have  previously 
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quoted  from  my  former  report  as  governing  tlie  spread  of  an 
epidemic  (see  Appendix  E.). 

I  will  now  endeavour  to  deal  with  several  points  whicli 
remain  to  be  explained  or  discussed  in  connection,  chiefly, 
with  the  fly-range,  which,  it  will  be  readily  understood,  is  one 
of  the  most  important  factors  to  be  considered  in  all  measures 
of  precaution  or  prevention  used  against  sleeping-sickness. 

I  have  already  made  use,  aibove,  of  the  term  "  natural  range," 
and  by  this  I  mean  the  distance  from  the  waterside  within 
which  the  flies  naturally  wander  in  their  search  of  victims  on 
whom  to  feed,  as  distinguished  from  the  much  greater  distance 
to^  which  the}-  will  follow  victims  who  have  come  in  contact 
with  them  by  the  fact  of  having  passed  through  their  "  natural 
range "  or  feeding  ground.  It  may  not,  at  first  sight,  seem 
important  to  distinguish  between  these  but,  as  a  matter  of 
fact,  a  distinction  becomes  most  important,  for  example,  in 
carrying  out  such  a  preventive  measure  as  clearing,  for,  as 
we  shall  presently  see,  if  the  natural  narrow  range  be  constantly 
borne  in  mind  in  its  application,  the  wide  "following"  range 
may  practically  be  disregarded. 

In  order  to  be  followed  by  a  fly  for  long  distances,  such  as 
have  been  mentioned  above,  a  person  must  first  come  in  contact 
with  it  in  its  natural  range  and,  conversely,  a  fly  would  never 
reach  tliese  long  distances  inland  unless  it  had  first  found, 
within  its  natural  range,  a  victim  to  follow.    Let  us  take  the 
case  of  a  village,  the  water-supply  of  which  is  from  a  stream 
or  lake  at  a  distance  from  it  of  300  yards.    The  village  itself 
may  'be  (and  practically  always  is)  well  outside  the  natural 
fly-range,  but,  if  there  are  fly  at  the  dipping-places,  a  certain 
number  will  "  follow  "  far  enough  to  reach  the  village  more 
or  less  frequently,  and  thus  this  is  brought  within  the  "  follow- 
ing "  range.    Yet,  in  order  to  protect  this  village  from  fly, 
there  would  be  no  necessity  for  clearing  a  width  of  800  yards 
from  the  water-side,  since  a  clear  space  of  50  yards,  or  perhaps 
even  half  that  width,  would  banish  the  fly  from  the  natural 
range,  .so  that  they  could  then  no  longer  be  brought  from  the 
dipping-places  (or  from  any  other  bank  or  fore-shore  which 
had  been  cleared)  to  the  village.     Take,  again,  the  natural 
range  from  any  given  fly-area  or  feeding-ground,  say,  at  a  ford. 
If  you  clear  this  fly-area,  which  is  probably  20-80  yards  wide, 
and  so  make  it  uninhabitable  for  the  fly,  or  if  you  divert  traffic 
from  it  to  some  fly-free  ford  near  by,  the  corresponding  "  fol- 
lowing "  range,  no  matter  how  wide  it  has  been,  will  now  no 
longer  exist,  since  persons  crossing  the  cleared  natural  range 
or  the  new  fly-free  ford  will  no  longer  encounter  flies  which 
might  follow  them.   In  brief,  therefore,  in  clearing  or  abolish- 
ing the  natural  range  you  also  abolish  the  "  following  "  range. 

I  have  never  myself  seen  Glosxina  palpalis  more  than  half 
a  mile  from  water,  except  where  they  were  being  brought  in  by 
natives,  daily  and  in  large  numbers,  for  scientific  purposes, 
31544  T> 
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and  there  was  the  possibility  of  occasional  escapes.  Moreover, 
t^e  iew  mstances  when  I  have  seen  it  at  this  distanoe  occurred 
at  a  station  where  the  water-supply  was  half  a  mile  away, 
and  water  was  being  constantly  brought  from  a  jungle-fringed, 
fly-mfested  shore.  Those  cases  in  which  flies  have  been 
o'bserved  at  considerable  distances  (from  300  yards  to  2  miles) 
trom  any  known  water  have,  so  far  (apart  from  those  reporte<l 
as  toilowing  flies),  occurred  only  in  the  most  thickly  iungle- 
covered  districts,  such  as  South  Usoga  and  the  Islands,  and 
usually  under  abnormal  conditions  of  rain  and  flood.  In  some 
instances  their  presence  has  been  explained  by  the  discovery  of 
torest-streams  or  pools  near  by,  ,and  it  is  possible  that  such 
hidden  waters  may  have  been  present  in  other  cases,  but  a 
proportion  remains  in  which  apparently  there  is  no  such  expla- 
nation. I  think  there  can  be  no  doubt,  however,  that,  wherever 
flies  have  been  ,seen  in  considerable  numbers,  some  pool  or 
stream  has  existed  near  at  hand. 

Possibly  the  natural  range,  and  certainly  the  "  following  " 
range,  is  increased  in  the  wet  season  when  the  undergrowth  is 
more  luxuriant.  The  latter  is  also  wider  in  thick  jungle  or 
forest  and  in  dull  weather,  and  narrower  in  the  open  and  in 
bright  sunlight. 

I  have  elsewhere  recorded  (see  Eeport  VIII.)  that,  on 
approaching  a  fly-area,  flies  were  rarely  met  with  more  than 
50  yards  from  the  water,  but  that,  on  leaving  .such  an  area, 
a  few  may  follow  for  longer  distances  up  to  ?M  yards.  This 
latter  and  also  somewhat  greater  distances  have  been  recorded 
during  the  present  investigations  for  following  "flies,"  the 
"following,"  in  the  case  of  these  longer  distances,  being  gene- 
rally through  scrub  or  some  sort  of  continuous  or  slightly  inter- 
mittent _  shade.  An  artifieial  shade,  such  as  an  umbrella,  a 
wide-brimmed  hat  or  a  pail  of  water  carried  on  the  head,  will 
sometimes  be  taken  advantage  of  by  a  fly,  especially  when 
gorged,  and  it  might  possibly  remain  in  its  retreat,  if  undis- 
turbed, over  a  distance  of  several  miles.  All  such  cases  are, 
however,  e:^ceptional,  and  only  serve  to  account  for  the 
occasional  observation  or  capture  of  flies  in  unusual  or  un- 
expected places. 

The  "following"  range  is,  no  doubt,  also  influenced  to  a 
great  extent  by  the  conditions  of  food-supply.  For  instance, 
at  uncleared  fore-shores,  where  there  is  frequent  human  trafiic 
through  wide  belts  of  jungle,  conditions  which  obtain  at  many 
native  markets  on  the  shores  of  Lake  Victoria,  the  range  is 
apparently  wider  and  the  flies  exc^eptionally  numerous,  as  was 
noticed  and  recorded  by  Dr.  Wiggins,  after  he  had  examined 
many  of  these  markets  in  ITsoga.  This  is  wo,  no  doubt,  because 
the  food-supply  is  constant,  plentiful,  and  easily  obtained; 
and  since  the  flies  can  follow  inland  for  long  distanoes  in  the 
shade,  their  opportunities  for  feeding  are  at  a  maximum.  A 
like  increase  in  numbers  and  in  range  would  probably  be 
found  at  habitual  drinking-places  of  herds  of  cattle  or  game. 
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At  any  rate,  I  have  noticed  frequently  that  swarms  of  flies 
haunt  the  habitual  sliore-resorts  of  hippopotami  and  crocodiles ; 
but  here,  strikingly  enough,  the  range  is  not  increased,  for,  in 
the  case  of  water  animals  and  those  whose  excursions  on  land 
are  almost  entirely  at  night,  the  opportunities  for  feeding  would 
occur  only  at  the  water-side.  In  the  ease  of  man  or  land 
animals,  however,  where  there  is  frequent  or  regular  traffic  to 
and  from  the  water  by  day,  the  roads  or  tracks,  and  sometimes 
the  bush  generally,  might  'l>eeome  infested  by  "  following  " 
flies;  for  gorged  flies,  having  fed  at  some  distance  inland, 
would  often  retire  to  the  nearest  shade  to  digest  their  meal, 
and  might  even  feed  again  before  returning  to  the  water,  but 
this  would  not  occur  to  any  great  extent  except  in  damp  weather 
and  where  the  scrub  or  some  sort  of  shade  was  practically  con- 
tinuous for  some  distance  inland  from  the  water-side. 

I  think  it  highly  probable  that  all  flies  encountered  at  a 
greater  distance  from  water  than  about  80  yards  are  "  follow- 
ing "  flies ;  ■  that  is  to  say,  they  either  are  following  or  have 
followed  persons  or  animals  that  have  passed  through  their 
natural  range.  Where  flies  are  exceptionally  numeix)us  and 
the  conditions  favourable,  as  in  the  wet  season  in  a  country 
thickly  covered  with  scrub,  and  especially  where  there  exists 
also,  perhaps,  a  diffused  condition  of  traffic,  owing  to  the 
absence  of  open  roads  and  a  multiplicity  of  native  paths 
through  the  bush,  as  was  the  case  in  Sonth  Usoga  at  the  time 
of  Dr.  Wiggins's  investigations  there,  it  is  quite  possible  that 
flies  might  be  met  witli  in  such  numbers  as  to  make  it  appear 
that  the  long  distances  from  water  at  which  they  are  found 
constitute  their  natural  range.  And  so,  indeed,  they  do,  to  all 
intents  and  purposes,  so  long  as  such  conditions  are  left 
untouched.  But  the  point  to  which  I  wish  to  draw  attention 
here  is  that  wide  ranges  such  as  these  can  be  abolished,  just 
m  the  same  manner  and  just  as  readily  as  the  narrower  ones, 
by  dealing  with  the  natural  range  alone.  Take,  for  instance, 
a  native  marl^et  300  yards  from  the  lake  shore,  the  canoe 
landing  for  which  is  in  a  fly  area  from  which  the  shore  fringe 
of  jungle  reaches  inland  for  half  a  mile.  The  natural  range 
from  shore  is  probably  really  the  average  one  of  10-30  yards, 
but,  owing  to  the  special  conditions  prevailing,  many  flies  are 
met  with,  not  only  outside  tiis,  but  also  in  and  beyond  the 
market  itself.  Clear  the  landing  place  and  100  yards  beyond  it 
on  each  side,  along  the  foreshore  to  a  width  of ,  say,  to  be  safe, 
twice  the  average  natural  range,  which  would  amount  to,  at 
the  most,  60  yards.  Flies  would  then  disappear  not  only  from 
the_  cleared  foreshore,  but  also  from  its  hinterland  of  scrub, 
which  includes  the  market,  since  they  cannot  remain  away 
from  water.  Moreover,  people  coming  fo  the  market  by  canoe 
would  no  longer  encounter  flies  at  the  landing  and,  therefore, 
tney  would  no  longer  be  constantly  introducing  them  into  the 
surrounding  bush  to  replace  those  which  had  returned  to  the 
uncleared  part  of  their  natural  range,    So  long  as  only  the 
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cleared  landmg  was  used  as  an  approach  from  the  shore  ihe 
market  would  m  fact,  be  now  fly-free.  The  above  clearing 
would  be  rendered  more  complete  and  perhaps  safer  by  the 
a<klition  of  an  open  track,  20  to  30  yards  wide,  cut  from  the 
centre  of  the  cleared  foreshore  to  the  market.  Supposing  that 
It  were  possible  instead  of  clearing  the  Hy-infested  landing, 
to  close  this  and  substitute  a  fly-free  landing  near  by,  the  same 
results  would  ensue. 

Dr.  Wiggins's  experiences  in  South  XJsoga  were  not  only 
exceptional  as  regards  the  experience  of  the  other  obsei'vers, 
but  were  probably  quite  unusual  in  the  Iqcality  itself.  The 
seasonal  conditions  at  the  time  were  most  abnormal  with  exces- 
sive rains,  extensive  floods,  and  an  unprecedentedly  high  lake- 
level,  fio  that  he  describes  large  areas  as  being  covered  Avith 
water,  which  was  only  hidden  by  the  grass,  and,  in  this  flooded 
country,  the  fly  was  more  or  less  s-cattered  through  the  bush 
over  a  wide  range  from  the  lake,  embracing  practically  the 
whole  of  small  peninsulas  such  as  Naniumba's,  which  is  several 
miles  across.  On  several  occasions,  too,  he  found  these  inland 
flies  were  more  plentiful  than  at  the  corresponding  lake-shore. 
This,  perhaps,  suggests  the  possibility  of  the  fly  having  been 
actually  driven  inland  from  its  natural  haunts  by" the  high  lake- 
level  and,  since  this  has  taken  ^several  months  to  subside,  there 
may  be  reason  to  hope  that  some,  at  least,  of  the  breeding- 
grounds  along  this  shore  have  been  destroyed  and  that,  in  the 
ensuing  ,dry  season,  not  only  the  range  but  the  numbers  of  the 
fly  may  be  found  to  have  materially  decrea.sed.*  The  natives 
themselves  said  that  the  range  had  been  increased  by  the  heavy 
rains,  and  Dr.  Wiggins  was  inclined  to  agree  with  them. 

Apart,  from  these  abnormal  conditions  the  fly  is  naturally 
more  widely  spread  in  this  part  of  IJsoga,  owing  to  the  indented 
character  of  the  coast,  the  wide  and  thick  jungle-fringe  which 
borders  it,  and  the  numerous  small  streams  wliich  flow  through 
this,  many  of  which  present  patches  of  open  water.  The 
observations  made  here  should  be  repeated  under  normal  .con- 
ditions in  oixier  to  get  a  clear  idea  of  the  actual  state  of  affairs. 

It  may  be  taken  as  a  rule  that  the  fly  range  is  narrow  where 
the  forest  or  bush-fringe  is  .narrow,  but  the  reverse  does  not 
always  hold  good,  since  shade  is  not  the  only  factor  concerned. 
It  shows,  however,  that  the  fly  will  not  follow  so  far  over  clear 
or  comparatively  open  spaces  as  through  bush,  forest,  or  high 
grass  and  other  undergrowth. 

It  will  be  understood,  from  all  that  has  been  said,  that  the 
range,  taken  as  a  whole  and  including  the  "  following  "  range, 
certainly  varies  much  in  different  localities  and  under  different 
conditions.    I  think  it  will  be  found  to  be  practically  sound, 

*  Not  much  is  yet  known  as  to  the  seasonal  prevalence  or  variation  of 
G.palpalis,  but  it  is  evident  thit  a  season  of  this  kind  would,  by  increasing 
its  range,  aid  the  spread  of  an  epidemic.  " 


however,  iu  applying  any  general  preventive  measures,  to  take 
as  a  stamlard  tlie  average  "natural  "  range  and  to  adapt  after- 
waixis  sucli  a  measure  to  local  neoessities. 

I  liave  mentioned  that  Dr.  Wiggins  discovered  a  small 
epidemic  of  sleeping  sickness  to  the  south-west  of  Mount  Elgon. 
He  describes  it  as  being  situated  in  the  angle  formed  by  the  two 
rivers  Marakisi  and  Eumba  (or  Chao),  both  of  which  enter  the 
Mpologoma  eventually,  and  between  the  Wehala  and  the 
Uror-oro  (Torero)  Hills.  This  would  place  it,  roughly,  in  a  line 
between  Mount  Elgon  and  the  mouth  of  the  Sio  River,  about 
20  miles  north  of  Lake  Victoria  and  about  10  miles  from  the 
mountain.  The  epidemic  was  said  to  be  quite  circumscribed  and 
apparently  completely  isolated  and  to  be,  so  to  speak,  burning 
itself  out.  It  had  commenced,  according  to  local  account, 
about  five  years  previously,  having  been  introduced  fixjm  the 
people  living  to  the  west,  many  «f  whom  were  said  to  have 
died ;  and  it  was  evident,  from  the  already  large  mortality, 
that  it  had  been  of  considerable  duration.  The  name  of  the 
principal  local  chief,  whose  villages  were  examined,  was 
Kapeto,  and  the  rate  of  infection  was  still  very  high,  being, 
in  one  village,  estimated  at  about  80  per  cent. 

Tn'o  connection  .could  be  traced  between  the  fly-areas  of  this 
and  of  the  Lake  Victoria  epidemic,  though  the  epidemics  them- 
selves are  undoubtedly  related,  and  the  smaller  probably, 
though  not  certainly,  of  subsequent  origin.  Nearly  all  the 
streams  flowing  north  from  Usoga  (also  into  the  Mpologoma) 
on  the  one  hand,  and  the  Sio  on  the  other,  were  found  to  be 
free  from  fly,  but  on  the  western  or  southern  shoiie  of  the 
Mpologoma,  some  30  miles  to  tlie  west,  at  which  part  several 
of  its  Usoga  trilnitaries  eriter  it,  some  patches  of  fly  were  found 
and  sleeping  sickness  was  present.  This  small  epidemic  area 
seems  to  be  situated  in  an  outlying  corner  of  the  line  forming 
the  eastern  limit  of  Glossiim  jjul-palis,  which  was  very  abundant 
there,  the  physical  conditions  everywhere  favouring  its  pre- 
.sence.  These  are  described  as  consisting  of  a  series  of  scrub- 
covered  hills  intersected  by  streams  overhung  by  dense  forest. 
Many  of  the  streams  were  in  flood  at  the  time  of  the  investiga- 
tion, and  on  the  borders  of  several  of  these  floods  the  fly  was 
observed  to  be  present. 

Apparently  this  epidemic  embraced  the  Warumbi,  Waset- 
tima,  and  part  of  the  Wamia,  the  first  two  small  tribes  having 
sufPered  very  heavily;  and  the  district  reported  on  formed, 
probably,  only  the  eastern  end  of  it.  There  seems  to  'be  very 
little  communication  at  tke  present  time  between  the  infected 
people  and  their  neighbours,  and,  since  there  is  nO'  dav&ci 
connection  with  other  fly  areas,  there  is  little  chance  of  the 
extension  of  sleeping  sickness  from  this  centre  in  either 
direction. 

A  word  may  also  be  said  here  about  the  Nile  epidemic,  since 
the  conditions  in  that  region  and  in  part  of  Northern  Unyoro 
differ  from  those  existing  in  other  parts  of  the  Protectorate 
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Lhe  mam  difterence  lies  in  the  distributiou  of  Glossina  palpalis, 
owing  .to  the  open  natui^  of  the  rivers  and  .streams.  Whereas 
m  other  parts  the  fly  areas  are  for  the  most  part  confined  to 
tlie  outer  boundaries  of  the  province  concernetl,  they  are  heie 
dotted  over  the  interior.      That  part  of  the  Victoria  Nile, 
mdeed,  which  forms  the  boundary  between  Unyoro  and  the 
i\ile  Province  IS  certainly  very  thickly  infested  with  fly,  but 
tne  Wiiite  Nile  is  haunted  irregularly  in  larger  er  .smaller 
patch.es  (Note  I.)  and  on  long  reaches  of  it,  as,  for  instance, 
tliat  between  Wadelai  and  Nimule,  these  patches  are  both  small 
and  rarely  met  with,  on  account  of  the  wide  'belts  of  sudd 
along  the  bank,  while  practically  all  the  inland  streams, 
\vherever  the  conditions  of  shade,  &c.,  are  favourable,  are 
dotted  with  fly- areas.    These  areas  are  usually  small,  the  range 
from  them  is  very  narrow  and  the  flies  seldom  numerous.  Most 
of  the  villages  are  built  outside  the  fly-range,  and  the  only 
connection  with  the  local  fly-area  is,  in  many,  if  not  most, 
cases,  thimigh  the  water  supply.    I  may  mention  here  that  the 
same  condition  holds  in  some  villages  on  Lake  Victoria,  where 
there  are  others  also  in  which  almost  the  /only  connection  is 
through  the  occupation  of  fishing  and,  nevertheless,  in  some 
of  these  villages  the  rate  lof  infection  is  high,  especially  among 
the  adult  males.      If  the  Nile  natives  were  intelligent  and 
amena'ble,_  this  state  of  affairs  might  be  dealt  with  compara- 
tively easily  by  seeking  fresh  water-supplies  or  by  clearing 
those  which  exist.      They  are,  however,  very  backward  and 
suspicious,  and  I  see  no  hope  of  their  taking  any  steps  either 
to  help  themselves  or  to  assist  the  Administration  in  protecting 
them. 

The  origin  of  the  Nile  epidemic  does  not  appear  to  be  quite 
certain  and,  although  it  was  naturally  supposed,  when  sleeping 
sickness  was  first  discovered  there,  that  it  had  spread  from 
Lake  Victoria  via  Lake  Albert,  there  are,  nevertheless,  certain 
facts  which  are  not  in  favour  of  this  conclusion.  Dr.  Densham, 
who  is  investigating  this  epidemic,  reports  that  very  little 
information  can  be  gathered  from  the  natives  generally,  but 
that  it  seems  to  be  agi-eed  by  most  that  the  sickness  first  started, 
on  this  bank  of  the  Nile,  about  four  years  ago  at  Ajei's,  a  chief 
settled  on  the  Akkehr  Eiver  between  "Wadelai  and  Nimule, 
while  some  state  also  that  it  was  previously  known  to  exist  at 
a  place  Logwarri  on  the  Congo  side  and  was  introduced  from 
there.  It  is  in  favour  of  the  alleged  or  even  of  a  longer  dura- 
tion that  tlie  settlement  at  Ajei's  referred  to  has  been  entirely 
wiped  out  by  the  disease  and  for  so  long  abandoned  that  little 
or  no  trace  of  it  remains,  while  the  fact  that  not  only  have  a 
large  proportion  of  the  cases  so  far  examined  by  Dr.  Densham 
originated  in  the  Congo,  but  that  a  fair  number  of  these  have 
come  from  Logwarri*  itself,  seems  to  point  to  the  probability 

*  Logwarri  Lubari,  on  the  Kibali,  or  Welle  River,  a  tributary  of  the 
Congo  River.  See  Map  I.  A  centre  of  sleeping  sickness  is  marked  near 
here  on  the  Liverpool  Sleeping  Sickness  Commission's  map. 
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of  the  alleged  origin  also.  On  the  other  hand,  it  is  a  fact  that 
all  the  porterage  and  a  good  deal  ,of  native  trading,  as  far  as  our 
northern  boundary  and  even  into  the  Congo  beyond,  is  done 
by  entei-prising  natives  of  Uganda  and  Unyoro,  and  it  is  within 
my  personal  knowledge  that  infected  Baganda  and  Banyoro 
have  occasionally  penetrated  as  far  as  Gondokoro  within  the 
last  two  years  if  not  previously. 

As  I  have  pointed  out  above,  under  the  conditions  obtaining 
in  this  region,  sleeping  sickness  would  spread  very  slowly,  and 
it  would  be  a  long  time,  after  infection  was  first-  introduced, 
until  it  would  be  likely  to  have  made  considerable  headway; 
moreover,  it  is  a  fact  aiot  to  be  ignored,  in  iconsideration  of  the 
oi-igin,  both  of  this  and  of  the  Uganda  epidemic,  that  sleeping 
sickness  might  have  been  present  among  these  people,  who  have 
come  very  little  in  contact  with  Europeans,  for  years  without 
necessarily  coming  under  observation,  especially  as  their  custom 
and  instinct  is  to  hide  th'eir  sick ;  that  it  might  even  yet  have 
remained  undiscovered  had  it  not  been  for  special  investigation, 
and  might,  possibly,  have  existed  here  even  before  infection 
found  its  way  into  Uganda. 

In  one  other  part  of  the  Protectorate,  namely,  Ankole,  the 
streams  are  mostly  open  but,  since  there  is,  as  a  rule,  ilittle  or 
no  shade  on  their  banks,  there  is  apparently  no  fly.  The  isame 
will  probably  be  found  to  apply  in  a  great  part  of  Kavirondo 
and  in  the  country  east  and  north-east  of  Lake  Victoria.  In 
western  Toro,  especially  round  Lake  Albert  Edward,  fly  are 
numerous  in  places  and  conditions  exist  favourable  to  an 
epidemic  but,  as  I  have  ali-eady  said,  it  has  not  yet  been  possible 
to  make  a  thorough  investigation.  Steps  are  being  taken, 
however,  to  limit  the  risks  of  infection  being  carried  there  from 
other  epidemic  areas  if  it  should  not  have  already  arrived. 

Although  it  is  necessary  to  bear  in  mind  certain  hypotheses, 
it  is  well  to  remember  that  we  probably  can  never  know  exactly 
how  the  infection  of  sleeping  sickness  reached  East  Central  Africa. 
IS'o  doubt  it  came  from  the  west,  but  the  manner  and  route  of 
its  introduction  we  can  scarcely  hope  to  clear  up  with  any 
certainty  at  this  distance  of  time  and  with  only  native  report 
to  iguide  us.  A  more  important  question  is  whether,  having 
once  been  introduced,  it  can  ever  be  entirely  eradicated,  and 
it  is  to  be  feared  that  the  balance  of  probability  is  against  this. 
It  is  possible,  of  course,  for  there  is  no  native  evidence  -nor 
record  of  any  value,  no  European  knowledge  extending  over 
any  lengthened  period,  that  sleeping  sickness  had  visited  these 
regions  in  former  times  and  that  the  epidemic  had  been  rolling 
slowly  to  and  fro  from  the  west  coast  to  the  great  lakes  at 
intervals,  perhaps,  of  centuries,  leaving  in  its  track  endemic 
centres  scattered  here  and  there  across  the  continent.  It  is 
more  probable,  however,  that  the  present  epidemic  is  the  result 
of  the  first  introduction  of  infection  and  that,  once  inti-oduced, 
it  will  remain  endemic  in  certain  areas  specially  favourable  to 
it,  such  as,  for  instance,  parts  of  Usoga.    Whatever  the  truth 
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as  to  this  may  be,  it  is  certain,  that,  wherever  Glussina  ^pal- 
imiis  exists,  we  must  expect  epidemic  outbreaks  to  be  more 
ii^quent  than  m  the  past,  owing  to  the  increased  frequency 
and  taciiity  of  inter-communication.  Many  facts,  too,  such 
as  the  nature  of  the  disease  itself  and  of  the  infection  causing 
it,  of  the  carrier,  its  haunts,  and  its  local  numerical  prevalence, 
render  it  difficult  to  suppose  that  it  can  be  utterly  abolished, 
m  certain  localities  especially  suitable  to  the 'fly,  any  more  than 
can  malaria,  and  it  is,  therefore,  probable  that  it  will  remain 
endemic  m  a  few  parts  of  the  Uganda  Protectorate. 

Perhaps  there  is  just  a  possibility  that  Glossiria  'palpalis  may 
have  its  cycles  of  great  increase  or  decrease,  becoming,  during 
the  former,  far  more  numerous  and  widely  spread  than  at  other 
times,  while  the  latter  may  be  of  sufiicient  duration  to  allow 
the  infection  to  die  out  in  the  vertebrate  hosts  in  those  localities 
from  which  it  would  for  the  time  disappear.  At  least,  I  believe 
tliat  there  are  certain  lepidoptera,  such  as  the  clouded  yellow 
butterfly,  which,  though  ordinarily  strictly  localised,  in  certain 
rare  and  favourable  years,  spread  in  large  numbers  over  regions 
from  which  they  have  been  long  absent  und  again,  eventually, 
disappear  from  them  a»  completely  as  before  and  become  con- 
fined to  their  former  limits.  The  close  connection  of  Glossina 
jmljmlis  with  the  waterside  might  seem  to  offer  some  prospect 
that  its  local  prevalence  might  be  largely  influenced  by 
abnormal  rainfall  or  drought.  Apart  from  speculation,  how- 
ever, seeing  that  there  is  a  probability  that  ^sleeping  sickness 
will  remain  endemic  with  us,  it  behoves  us  the  more  to  consider 
some  means  whereiby  its  ravages  may  be  so  far  checked  that 
it  may  cease  to  be  a  bug-bear  to  the  people  and  a  barrier  to  the 
development  of  the  country. 

Perhaps  the  most  striking  fact  in  connection  with  the  dis- 
tribution of  Glossina  iKili^alis  and  the  spread  of  sleeping  sick- 
ness is  the  enormous  amount  of  trafiic  which  is  shown  to  have 
existed  and  to  exist  still,  though  in  less  degree,  between  the 
whole  extent  of  the  shores  of  Lake  Victoria  and  the  natives 
of  from  10  to  20  or  even  30  miles  and  more  of  the  hinterland. 
The  fact  is  apparent  when  we  consider  the  extreme  narrewness 
of  the  average  fly-range,  the  few  instances  (scarcely  any, 
except  in  South  Usoga)  in  which  the  fly  penetrates  inland  along 
the  streams,  and  the  distance  (not  very  wide  but  vast  as  com- 
pared with  the  few  hundred  yards  of  fly-range)  to  Avhich  the 
epidemic  has  spread  from  the  lake.  The  percentage  of  the 
infection  varies,  as  one  would  expect,  with  the  distance  frem 
the  fly-ranges,  and  is  most  marked  within  the  first  four  or 
five  miles,  sometimes  considerable  within  10,  while,  beyond 
this,  i't  is  much  loss,  though  quite  noticeable  in  places. 

"We  .find  a  decidedly  high  percentage  in  many  villages  which 
are  situated  near  the  lake  but  outside  the  fly-rauge,  and  this 
decreases  with  the  distance  from  the  lake  and  inversely  as  the 
amount  of  traffic  therewith,  supposinig  the  traffic  to  be  with 
the  infective  -areas.    Some  villages  situated  just  outside  the 
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local  flj'-raBg'e  (which  generally  meau'S  that  their  w.ater-supply 
happens  to  be  free)  show  a  high  rate  of  infection  because  the 
occupation  of  practic^illy  all  their  inhabitants  is  fishing.  Many 
others  are  connected  with  the  fiy-range  only  through  their 
water-supply,  and  some  through  the  occupation  of  canoeing. 

It  is  clear,  then,  that  before  all  things  these  two  conditions, 
the  width  of  the  fly-ranges  and  the  traffic  with  the  fly-ranges, 
must  be  considered  in  dealing  with  the  spread  of  infection,  and 
full  consideration  is,  therefore,  given  to  them  in  the  suggestions 
and  recommendations  put  forward  in  this  report. 

"For  example,  water-supplies  or  dipping-places  and  also  canoe- 
landings  can  often  be  rendered  safe  by  clearing,  and  this, 
therefore,  can  be  recommended  where  it  is  necessary  and 
practicable ;  or  they  can  be  closed  and,  in  certain  instances, 
safe  ones  substituted.  In  the  case  of  fishing,  however,  unless 
in  a  few  more  favoured  localities,  nothing  practical  that  we 
can  do  can.  make  this  safe  as  an  occupation,  so  that  I  recom- 
mend later  on  its  total  discouragement  or  disuse,  except  in 
special  area.S'  or  cases  in  which  it  may  be  found  possible  to 
regulate  it  satisfactorily,  and  this  more  especially  isince  a  great 
part  of  the  trade  and  traffic  with  the  lake  shore  is  .oonnected 
with  ifish. 

It  appears  to  me  that,  so  far  as  we  have  gone  at  present  in 
our  studies  of  sleeping  sickness  in  the  human  subject  and 
inoculated  animals,  and  of  Glossina  j^fd-palis,  its  habits  and 
distribution,  all  things  combine  to  indicate  the  importance, 
whatever  may  be  the  outcome  of  the  arduous  search  for  an 
organic  or  medicinal  cure,  of  the  study  of  ;prevention  and  of 
the  necessity  for  directing  our  immediate  endeavours  towards 
determining,  by  adequate  trial  and  experiment,  what  general 
preventive  measures  may  T^e  practicable  in  the  countries  and 
under  the  conditions  where  the  disease  exists,  and,  further, 
that  we  should  seriously  consider  the  advisability  of  applying, 
without  further  delay  and  to  the  best  of  our  knowledge,  such 
measures  as  appear  to  give  the  greatest  chance  of  success. 
For,  even  if  a  cure  be  ultimately  found,  it  is  extremely  unlikely 
to  be  of  such  .general  efiicacy  and  applicability  as  to  render 
preventive  measures  .of  less  than  the  first  importance  in  con- 
trolling the  spread  of  the  infection,  since  it  must  be  remem- 
bered that  it  has  'been  by  isuch  means,  and  .not  by  medicinal 
cures,  that  the  greatest  and  most  permanent  success  has  been 
achieved  in  the  pa^st  in.  combating'  wther  deadly  epidemic 
diseases  such  as  plague,  cholera,  typhus,  and  enteric  fever, 
and  that  none  of  these  diseases  has  been  overcome,  as  it  were! 
in  pitched  battle,  but  in  each  case  by  continued  effort  and  the 
gradual  diminution  of  its  power  of  attack,  the  success  at  present 
obtained  _being  probably,  in  most  cases,  far  'beyond  the  liope  or 
imagination  (of  those  who  began  the  contest. 

If,  after  reviewing  all  the  facts,  it  should  Im}  decided  that 
the  probability  is  against  the  success  of  general  preventive 
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measures  or  that  their  application  would  be  impossible,  tlien 
It  would  be  better  at  once  to  cease  spending  time  and  money 
m  tJiis  direction  beyond  what  is  necessary  for  .the  protection  of 
certain  limited  areas,  such  as  European  stations,  &c.,  and  to 
await  m  patience  the  discovery  of  an  undoubted  and  effectual 
cure- 


It  is  my  firm  belief,  however,  that  the  present  position  as 
regards  prevention,  though  beset  with  difficulties,  is  very  far 
trom  being  hopeless,  and  that  the  measures  herein  recom- 
mended would  eventually  be  rewarded  with  a  valuable  pro- 
portion of  success  in  the  Uganda  Protectorate,  though  it  may 
be  some  considerable  time  before  they  can  be  fully  applied 
and  before  they  can  produce  any  very  marked  effects' 

Every  one  knows  that  we  cannot,  in  the  nature  of  things, 
hope  to  cut  short  a  great  epidemic  of  sleeping  sickness  with  the 
pramptness  with  which  we  might  check  an  outbreak  of  an 
acute  and  rapid  disease  like  small-pox  or  plague,  but  I  believe 
that,  nevertheless,  we  ought  to  set  out  on  the  same  lines  at  once 
and  on  all  hands  to  try,  by  all  practical  means  in  our  power,  to 
diminish  the  chances  of  infection  just  as  we  do  in  the  case  of 
all  other  infectious  diseases. 

No  doubt  certain  preventive  measures  most  valuable  in  other 
epidemics,  such  as  isolation  of  the  sick,  quarantine  and  cordons, 
have,  owing  to  the  peculiar  characteristics  of  sleeping  sickness, 
been  evidently  from  the  first  impracticable  of  anything  like 
general  application.  Yet,  if  the  bulk  of  the  population  with 
which  we  have  to  deal  were  Europeans,  the  task  of  prevention 
would  be  comparatively  easy,  and  I  believe  that  our  main 
difficulty  will  lie,  not  so  much  in  the  great  differences  of  sleep- 
ing sickness  from  other  epidemic  diseases,  as  in  the  peculiari- 
ties, prejudices,  and,  worst  of  all,  unreasoning  apathy  of  the 
peoples  whom  it  attacks  and  the  conditions  in  which  many  of 
them  are  accustomed  to  live,  so  that  our  main  duty,  therefore, 
is  to  determine  what  measures  there  are  which  may  remain 
open  to  us  for  diminishing  the  risks  of  infection,  and  what 
prospects  of  success  we  may  hope  for  in  applying  these  among 
such  people. 

As  has  before  been  mentioned,  the  Sleeping  Sickness 
Extended  Investigations  have  everywhere  tended  to  strengthen 
the  association  of  epidemic  sleeping  sickness  with  the  presence 
of  Glossina  'palpalis  and  even,  to  that  extent,  to  indicate  it  as 
the  sole  carrier  of  Trypanosoma  gamhiense.  The  infection, 
though  carried  from  person  to  person  by  the  fly,  is,  as  a 
general  rule,  conveyed  from  place  to  place  by  man,  so  that  the 
process  of  its  spread  must  be  regarded  from  these  two  aspects. 
So  also  its  transmission  between  vertebrate  hosts,  being  indirect 
by  means  of  the  invertebrate,  must  be  considered  from  two 
points  of  view  :  — 

(1)  Infection  of  human  beings  by  infected  flies. 

(2)  Infection  of  flies  by  infected  persons. 
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The  fly,  if  kept  from  contact  with  iufected  persons,  is  harm- 
less, and  the  infected  person,  if  kept  from  contact  with  the  fly, 
is  also  harmless. 

How,  then,  can  we  limit  the  natural  possibilities  of  infection 
in  each  case?  Broadly  speaking,  our  objects  can  be  attained  :  — 

(A)  By  diminishing  the  chances  of  exposure  of  human 

beings  to  the  fly,  especially  of  the  sick,  i.e.,  by 
diminishing  the  opportunities  of  the  fly  for  biting 
them. 

(B)  By  exterminating  or  reducing  in  numbers  the  fly,* 

especially  in  places  of  human  concourse  or  traffic. 

(C)  By  diminishing  the  chances  of  infection  being  carried 

by  infected  persons  to  or  from  epidemic  or  potential 
epidemic  areas. 

'Th-e  chief  measures  to  be  discussed  or  recommended  in 
relation  to  these  various  objects  will  interact  to  a  great  extent, 
but  those  which  are  more  special  to  each  are  as  follows  :  — 

A.  — (1)  Local  segregation  of  the  sick  (Note  I.),  including 

deportation  and  with  or  without  local  concen- 
tration. 

(2)  Removal  of  huts,  villages,   markets,   &c.,  from 

within  the  local  fly-range. 

(3)  Protection  of  the  person  by  clothing  (including 

education  of  natives  to  resist  and  avoid  the  bite 
of  the  fly). 

(4)  Eegulation  or  selection  of  hours  for  certain  occu- 

pations within  the  fly-range. 

(5)  Protection  of  employees  exposed  in  their  occupa- 

tion to  the  attacks  of  the  fly. 

B.  — (1)  Directly  'by  killing  or  catching  the  flies. 

(2)  Possibly  by  introducing  some  destructive  animal, 

morbific  or  parasitic  agent  among  the  flies. 

(3)  Indirectly  by  destroying  their  haunts  and  breed- 

ing-grounds, i.e.,  by  clearing  jungle  and  under- 
growth, especially  in  the  various  fly-areas  con- 
nected with  places  of  human  concourse  or  traffic. 

(4)  Possibly  by  destroying  or  diminishing  their  food 

supply. 

C.  — ^(1)  Control  or  surveillance  of  travellers,  traders,  and 

emigrants  from  epidemic  areas,  and  especially 
of  their  settlement  or  residence  in  or  in  contact 
with  non-infected  fly-ranges  or  potential 
epidemic  areas. 
(2)  Eegulation  and  surveillance  of  camping  places, 
transport-stations,  &c.,  on  traffic-routes  by  land 
and  water,  including  effective  clearing  or 
diversion  where  these  come  in  contact  with  fly- 
ranges. 

*  Including,  of  course,  the  larvae  or  pupje,  should  this  become  practicable. 
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Before  discussing  tke  above  I  may  perhaps  mention  tliat  I 
iiave  from  tlie  first  been  struclc  \vith  the  important  bearing  on 
preventive  measures  of  tlie  fact  or  accident  of  tlie  relative 
immunity  from  sleeping  sickness  of  Europeans  and  of  certain 
of  the  better  class  of  natives,  and  by  the  necessity  for  ascer- 
taining on  what  conditions  this  immunity  depends  and  how 
the  protection  which  they  afford  can  be  extended,  to  any  useful 
degree,  to  the  ordinary  native.  It  soon  became  evident  that 
this  apparent  immunity  depends  on  one  mam  governing  con- 
dition only,  viz.,  exposure  to  the  bite  of  Glossina  jJoljoalis, 
and  on  certain  subsidiary  ones  such  as  clothing,  customs, 
habits,  occupations,  dwellings,  and  especially  the  situation  of 
dwellings,  which  determine  the  amount  of  such  exposure. 

I,  therefore,  drew  attention,  in  May,  1904,*  to  this  relative 
immunity  of  Europeans  as  pointing  the  direction  in  which  was 
to  be  discerned  the  greatest  hope  for  the  native,  and  recom- 
mended, in  connection  with  it,  the  systematic  clearing  of  the 
usual  places  of  human  resort  in  infected  areas  and  the  removal 
of  the  sick  to  open  spaces  beyond  the  fly-range,  as  measures 
which_  would  greatly  diminish  the  risk  of  infection  run  by  the 
majority  of  natives,  especially  the  women  and  children,  and 
would  lessen  the  probability  of  the  future  occurrence  of  wide- 
spread epidemics. 

After  further  investigations  (Note  1)  which  showed,  what  I 
had  already  hoped  might  be  the  case,  that  the  range  of  the  fly 
from  water  was  far  narrower  than  had  previously  been  sup- 
posed, at  least  in  the  region  then  examined  and  at  the  season 
in  which  the  observations  were  made  (these  observations  also 
pointing  to  the  pi-obability  that  the  breeding-grounds  were 
always  veiy  close  to  the  waterside),  I  again  put  forward  the 
above  measures  as  being  the  -most  practical  and  the  most  likely 
to  produce  satisfactory  results,  laying  special  stress  on  the 
importance  and  apparent  feasibility  by  the  natives  themselves 
of  "  local  segregation  "  of  their  sick  beyond  the  bounds  of  the 
neighbouring  fly-ranges. 

I  have  now,  after  comparing  the  observations  then  made 
with  the  reports  received  in  the  course  of  the  present  investi- 
gations, come  to  the  conclusion  that  some  such  measures  as 
these  are  not  only  the  most  important  which  can  be  undertaken 
at  the  moment  'but  that  the  time  has  arrived  when  their  general 
application  should  be  begun,  since,  as  I  have  already  stated, 
our  knowledge  is  now  sufficient  for  their  practical  use,  and  tliej'- 
seem,  besides,  not  only  to  decrease  in  magnitude  and  difficulty 
with  further  investigation,  but  also  to  give,  at  the  same  time, 
greater  hope  of  beneficial  results.  Moreover,  I  am  convinced, 
for  my  own  part,  that  the  natives,  if  they  were  willing  and 
would  be  guided,  could  apply  both  these  measures,  locally,  to  a 

•  Islington  Medical  Society,  May  17th,  1904  ;  "  Lancet,"  July  30th,  1904. 
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sufficient  extent  to  check  the  present  epidemic,  and  to  avoid 
future  outbreaks  of  any  anagnitude  without  any  great  hardship 
or  expense.  I  fear,  however,  that  this  will  remain  a  possibility 
only,  since  their  attitude  is  that  of  the  negro  generally,  and  they 
seem  to  expect  to  be  paid  by  Grovernment  for  any  labour  which 
they  are  recommended  to  undertake  to  save  themselves  from  ex- 
termination. In  some  parts,  especially  in  the  Uganda  King- 
dom, the  more  intelligent  will  in  time,  perhaps  very  soon,  ap- 
preciate the  value  of  the  advice  that  is  now  being  given  them, 
but  it  is  doubtful  if,  even  then,  they  will  be  inclined  to  carry 
it  out  for  any  useful  period  except  under  strong  pressure. 

Clearing  and  segregation,  then,  I  place  first  of  all  the 
measures  enumerated  above,  and  the  former,  because  ii  has 
already  been  applied  locally  and  its  utility  proved;  and  because 
it  also  has  an  important  bearing  on  many  of  the  others,  I  will 
discuss  it  first  in  detail. 

1^0  doubt,  this  measure  would  occur,  as  an  obvious  method  of 
extermination  of  Glossina  'pal-palis,  to  anyone  who  has  been 
engaged  in  the  study  of  sleeping  sickness  or  has  been  especially 
interested  in  its  prevention,  but  it  is  only  of  late  that  it  has 
appeared  to  be  either  possible  or  worth  while  as  a  more  or  less 
general  measure.  In  order  to  apply  it  scientifically  there  is  no 
doubt  that  much  remains  to  be  done  by  experiment  and 
research  to  enable  us  to  combine  the  amount  and  method  which 
shall  be  at  once  the  most  effective  and  the  most  economical ; 
but  I  hope  to  show,  nevertheless,  that  it  should  be  applied  as 
generally  _  and  as  speedily  as  possible  to  all  places  in  or  in 
contact  with  infective  areas  the  use  of  which  is  necessary  for 
human  resort,  concourse  or  traffic. 

At  first  the  clearing  of  the  forests  and  jungles  for  the  purpose 
of  exterminating  Glossina  jmljoalis,  or  even  of  appreciably 
diminishing  its  numbers,  seemed  a  task  too  gigantic  to  be  con- 
sidered, except  for  a  few  special  circumscribed  localities.  It 
was  supposed  that  the  whole  of  the  vast  forest  and  jungle- 
coyered  areas  of  the  country,  and  even  the  immense  swamps, 
might  have  -to  be  dealt  with  in  order  to  insure  success.  Further 
investigation  has  shown,  however,  that  the  haunts  of  Glossina 
palpahs,  or  fly-areas,  are  narrow  and  circumscribed,  and  their 
situations  localised  strictly  by  certain  physical  conditions- 
that  their  natural  range  from  the  waterside  is  limited  and 
probably  never  exceeds  50  yards,  and  that  this,  in  the  scientific 
application  of  clearing,  is  practically  the  only  distance  that 
need  be  considered,  since  the  wider  "following"  range  which 
itself  amounts  to  only  a  few  hundred  yards  on  the  average 
may  almost  be  neglected.  ' 

More  than  this,  it  is  extremely  probable,  though  its  larvfc 
have  not  yet  been  discovered*  in  natural  conditions,  that  the 


written^  ^PPe°^i^  (B).    Discovery  by  Dr.  B.gshawe  since  thfe  above  wa^ 
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breeding-places  of  Glossina  j^aljjalis  are  always  close  to  the 
waters  edge,  and  that  a  very  narrow  strip  of  clearing  would 
sultice  to  destroy  them  as  breeding-places. 

No  doubt  the  general  distribution  of  Glossina  palpalis  is 
governed  by  the  presence  or  absence  of  suitable  breeding- 
grounds,  and  its  local  range  and  numerical  prevalence  by  the 
pliysical  and  climatic  conditions  prevailing  at  the  breeding- 
grounds  and  by  the  opportunities  for  feeding.  That  these 
breeding-places  must  be  very  near  to  water  seems  practically 
certain,  because  the  presence  of  the  fly  at  any  given  spot  is 
determined,  chiefly  at  all  events,  not  by  the  general  facts  of 
climate,  but  by  the  extremely  local  physical  conditions  which 
exist  at  the  very  margin  of  the  water  where  it  is  found.  It 
would  even  seem  that  the  necessary  conditions  may  vary  more 
widely  on  the  water  than  on  the  land  side  of  the  line  of  the 
water's  edge.  Hence  it  may  prove  that  the  strip  of  clearing 
which  will  be  necessary  on  fly-infested  banks  and  shores  may 
be  even  narrower  than  the  average  fly-range,  and  it  will  have 
to  be  undertaken  only  on  "open"  rivers  and  on  shores  free 
from  wide  swamp-belts  (where,  in  fact,  there  is  a  certain 
amount  of  open  water  with  contiguous  shade,  and  with,  in 
places,  mpre  or  less  defined  bands  for  breeding-grounds),  and 
may  be  limited  chiefly  to  places  of  human  concourse,  where 
the  fly  is  most  liable  to  become  infected.  Moreover,  as  soon 
as  we  can  recognize  their  limits,  with  sufiicient  accuracy,  it  will 
proba'bly  be  sufficient  to  attack  the  fly  only  or  chiefly  by  de- 
stroying the  breeding-places  with  their  pup^. 

But,  even  when  the  extent  or  distance  of  the  breeding- 
grounds  from  water  is  accurately  known,  as  it  is  hoped  will 
lie  the  case  ere  long,  the  exact  width  of  clearing  necessary 
on  the  average  <for  it  is  practically  certain  to  vary  somewhat 
in  different  localities)  can  only  be  determined  by  careful  experi- 
ment. 

Although  vertebrates  of  various  kinds  have  been  artificially 
inoculated  with  Tnjpanosoma  gambiense,  yet,  so  far  as  is  known 
at  present,  there  is  no  wild  or  domestic  animal  which,  itself 
almost  or  quite  immune,  carries  this  Tryjmnosoma  so  habitu- 
ally as  to  act  as  a  "reservoir"  for  the  infection  of  sleeping 
sickness,  as  do  the  big  game  in  the  case  of  the  Trypanosoma 
Brucei  of  Nagana.  No  animal,  indeed,  except  the  native 
dog,*  and  that  in  only  a  few  instances,  in  places  where  the 
degree  of  local  infection  has  been  intense  and  the  epidemic  has 
been  of  considerable  duration,  has  been  found  to  be  naturall.-^ 
infected;  on  this  point,  however,  further  research  is  much 
needed,  for,  if  there  be  such  a  reservoir,  it  is  most  likely  a 
domestic  animal,  and  might  possibly  be  the  native  dog  itself; 
at  any  rate  it  is  unlikely  to  be  an  animal  which  ranges,  and 


*  Vide  Appendix  C.  Professor  Koch  informs  me  that  in  the  Sese 
Islands  one  monkey  has  been  found,  by  one  of  his  stuff,  to  be  naturally 
infected. 
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would  tlieref ore  carry  the  infection,  very  widely.  It  is  obvious 
that  animals  which  can  become  naturally  infected  by  Glossina 
'palpalis,  unless  the  fact  is  very  exoeptional,  are  an  added 
danger  to  the  community. 

Meantime  we  must  provisionally  suppose  that  only  the 
human  being  and  the  fly  need  be  seriously  considered  as  agents 
in  the  spread  of  infection,  that  the  vast  majority  oi  flies,  where 
human  being  are  scanty  or  absent,  are  uninfected  and  harmless 
in  themselves,  and  that,,  if  fly  could  be  eliminated  from  places 
of  human  concourse  such  as  mentioned  above,  those  existing 
elsewhere  would  run  little  chance  of  becoming  infected. 

It  is  probable  that  only  a  small  percentage  of  flies  in  an 
infected  area  (taking  it  as  a  whole)  carry  infection,  though 
there  may  be  certain  very  limited  localities  where  the  percent- 
age may  be,  at  times,  comparatively  much  higher.    The  aver- 
age percentage  of  human  infection  also  is  very  hard  to  deter- 
mine with  any  exactness,  because  of  the  difflcultjr,  except  by 
such  'oomparatively  tedious,  and,  to  many  natives,  terrifying 
measures  as  _  gland-puncture,  of  obtaining  as  a  standard  an 
even  approximately  true  percentage  in  any  given  district  or 
fly-area.    The  palpation  of  glands,  in  such  places  as  Uganda 
and  TJsoga,  where  such  diseases  as  itch  or   craw-craw  and 
syphilis  are  very  common,  is  apt  to  be  very  misleading.*  But, 
unless  the  average  percentage  of  infected  flies  were  low,  it  is 
difficult  to  understand  how,  in  certain  highly-infected  localities 
where  for  months  and  months  every  native  has  been  daily 
exposed,  along  with  sick  people,  to  swarms  of  flies,  any  single 
soul  has  escaped  alive.    Many  Europeans,  too,  both  before  and 
since  Glossina  pal-palis  became  known  as  the  carrier  of  the 
infection  of  sleeping  sickness,  have  been  bitten  by  it  and  yet 
have  so  far  escaped  the  disease,  and  in  this  there   is  some 
analogy  with  the  relation  of  the  bites  of  Anopheles  to  infection 
with  malaria.    In  the  case  of  spirillum  fever,  on  the  other 
hand,  where  infection  is  hereditary  in  the  invertebrate,  and  a 
large  proportion  of  the  ticks  on  certain  roads  and  in  certain 
districts  is  infected,  practically  all   Europeans   who  expose 
themselves  to  their  bites  contract  the  fever.    It  seems  fairly 
certain,  also,  that  those  trypanosomes  which  have  been  found, 
in  certain  tested  localities,  to  exist  in  from  0"5  to  8  per  cent,  of 
the  flies  examined,  are  not  the  Trypanosoma  gambiense  and  do 
not  cause  disease  when  inoculated  into  susceptible  animals,  so 
that  even  these  sinall  percentages  may  be  too  large  in  the  case 
of  T.  gamliense.    The  flies  are  forest  or  jungle  insects,  not  in 
any  sense  "  domestic,"  and  the  great  bulk  of  them  will  always 
exist  in  places  where  human  beings  are  scanty  or  absent  and 
infection  is  rare.    Thus  the  risks  are  practically  confined  to 


*  It  is  but  a  rough  test  in  the  hands  of  experts.  As  a  guide  for  persons 
unacquainted  with  the  characteristic  glands  of  trypanomiasis  it  is  quite 
untrustworthy  :  moreover,  glandular  swelling  is  not  invariably  perceptible 
in  ever^  case. 
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places  of  human  concourse,  to  which,  therefore,  the  preventive 

rZvf  %1  ftr''^  ?^''.^'  '^'''^^  l^^i*^'^-  It  i«  important, 
however  that  these  clearings  should  be  .carried  out  not  onl^ 
m  infected  but  also  m  non-infected  fly-areas. 

In  spite  of  all  the  time  and  labour  that  has  been  expended 
m  anatomical  and  bacteriological  study  in  connection  with 
(r/osmm  pa/pa/is,  Trypanosoma  gamhhnse  and  sleeping  sick- 
ness and  m  spite  of  all  the  expert  skill  which  has  been  engaged 
in  this  task,  we  do  not  yet  know,  so  far  as  I  am  aware(for  I  have 
not  at  present  seen  the  account  of  the  last  stage  of  the  work  of 
the  Koyal  Society  s  Commission  in  ITganda  nor  any  very  recent 
publication  dealing  with  the  subject),  whether  the  trypano- 
some  undergoes  a  cycle  of  development  in  the  fly,  nor,  if  so  ai 
what  stage  or  stages  of  its  evolution  the  bite  of  the  latter  is 
infectious,  nor,  m  any  case,  for  how  long  a  fly  carrying  try- 
panosome  may  remain  infectious,  nor  do  we  know  even  the 
average  duration  of  the  fly's  life  in  natural  conditions,  suppos- 
ing that  it  is  capable  of  life-long  infection. 

Tliis  being  so,  we  cannot,  in  applying  preventive  measures, 
however  sure  we  may  feel  of  an  ultimate  proportion  of  success, 
obtain  any  clear  idea  either  of  how  soon  we  may  expect  diminu- 
tion in  the  infectivity  of  depopulated  infective  areas,  nor 
withm  what  time  we  may  relax  our  precautions,  nor  can  we 
gauge  even  the  approximate  risks  of  infection  in  such  areas. 
It  is  evident  that  the  shorter  the  period  of  infection  in  the  fly, 
the  less  chance  there  is  of  it  infecting  by  its  bite  after  once 
acquiring  the  infection,  and  the  less  will  be  the  number  of 
persons  whom  it  is  likely  to  infect,  since,  as  a  rule,  it  naturally 
feeds  only  once  in  48  hours ;  and  the  converse  of  course  is  also 
true.  Analogy  with  other  protozoal  organic  infections  points 
to  the  probability  of  a  cycle  of  development  in  the  fly,  of  a 
non-infective  period  of  evolution  preceding  the  infective  stage, 
and  of  a  long,  if  not_  life-long,  infectiveness  of  the  invertebrate 
host.  But  all  this,  in  the  present  imperfect  state  of  our  know- 
ledge of  trypanosomes  and  of  trypanosomiasis,  remains  nothing 
more  than  suspicion. 

The  facts  which  I  have  adduced,  for  they  can  scarcely  be 
called  arguments,  in  favour  of  a  low  percentage  of  infection 
among  the  flies  of  a  given  area  are,  m  far  as  they  go,  also  in 
favour  of  the  limited  duration  of  infection  in  the  fly.  In  addi- 
tion, also,  I  will  relate  the  case  of  a  small  settlement  of  seven 
huts  which  I  came  upon  in  Usoga  some  four  years  ago.  These 
huts  wei-e  situated  on  the  point  of  a  small  and  narrow  penin- 
sula of  a  few  acres  in  extent,  the  whole  of  the  point  for  fiO  or 
70  yards  being  covered  with  jungle,  which  practically  sur- 
rounded the  little  settlement,  while,  beyond  this,  the  base  or 
neck  of  the  peninsula  was  formed  of  100  yards  or  so  of  low 
swampy  ground  extending  landwards  between  wide  areas  of 
papyrus.  The  point  itself  swarmed  with  fly  as  fai-  as  tlie  jungle 
extended,  but,  on  the  swampy  ground  beyond,  tliere  were  few 
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or  none.  The  mha'bitants  were  19,  of  whom  all  but  five 
children,  wo  women  and  one  man  had  sleeping  sickness,  and 
these  people  (for  no  one  else  lived  anywhere  near),  with  four  or 
five  goats  and  a  few  fowls  and  perhaps  an  occasional  hippo- 
potamus and  some  wi  d  birds,  must  have  formed  the  whole 

It  tt  Jf  °i  ^^''^  P^°Pl'«'  peninsula 

tTie  Wn.f  n7''-'''i?f  f^'^li"^'  ^''^  14  canoemen  I  knew 

the  history  of  eight  for  the  next  six  months,  and  only  one  of 
them  liappened  to  develop  sleeping  sickness,  though  probably 
they  had  undergone  many  other  exposures  to  infection  Of 
three  servants  who  were  with  me  none  has  any  sign  of  sleeping 
sickness  to  this  day,  nor  have  I  myself,  though  not  one  of  u! 
a^ltt'I^^^'"°^  Y''?.  '^"^^-^-^         persistent  flie 

hardly  a  fly  there  that  had  not  many  times  bitten  one  or  more 
of  the  eleven  inhabitants  who  were  certainlv  infected,  most  of 
ttTJT  ^^'^,^  "^^t  ^'''^^  '^^^  attacksTt  the 

the  fly  were  lifelong  or  even  of  considera'ble  duration,  most  or 
all  of  us  wlto^were  bitten  then  should  have  become  infected 
and  I  ca^nnot  help  but  think,  in  consequence,  that  there  is  some 
ground  for  hope  that  the  period  of  infection  in  the  fly  is  e  t^r 
of  very  short  duration  or  is  made  up  of  very  brief  intermittent 
stages.    It  IS  even  possible,  still,  that  the  conveyan^  of  the 
infection  hj  Glosszna  palpalis,  rather  than  by  other  Glossing 
or  by  any  blood-suckmg  insect,  may  be  merely  owin^  to  a 
prolonged  viability  of  the  tryp.nosome  in  the  interior  Sf  this 
fly,  that  a  migration  rather  than  an  evolution  takes  place  and 
that  it  is  not  a  true  host.*  ^      '  ^ 

I  understood  from  Captain  A.  C.  H.'  Gray,  E.A.M'C  that 
the  trypanosomes  which  one  finds  swarming"^  in  the.  intestine 
bv^hTE^  percentage  of  Glossina  palpalis  were  found 

cept"^le  of  tni^rf  %^  -n-pathogenic  to  animak  sus- 
ceptible o±  infection  by  Trypanosoma  gamUeme.  There  i. 
doubtless  more  than  one  type  of  these  trypanosomes  besides 
individuals  resembling  T  gamhiense,  h,I,  ,o  fax  as  I  can 
ascertain,  no  one  has  yet  certainly  demonstrated  the  presence 
of  this  trypanosome  m  Glossina  palpalis  after  all  the  blood  of 
a  meal  has  disappeared  by  complete  digestion. 

fT^^fl'^^T'^'i?!,*^®  questions  of  the  duration  of  infection  in 
the  fly  and  of  the  capacity  of  other  species  of  G^wS  than 
palpahs  of  carrying  the  infection  are  the  most  important  nnd 
most  urgent  for  investigation  at  the  present  mon^^nt 

That  wholesale  clearing  of  the  foreshore  and  for  some 
distance  inland  will  effectually  eliminate  Glossina  plpau'Z 

conclusions  from  direct  experiment  no?nt  .K'^'^'^^T  ^^""^  ^^'^'^ 

observations,  to  a  short  perio'd TLfecCty'  ii  'he  fly 
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long  as  the  clearinp;  is  maintained  on  tlie  foreshore,  has  been 
conclusively  proved  at  Entebbe,  where,  ior  the  last  five 
months,  from  March  Slst-August  31st,  1906,  it  has  been 
impossible  to  obtain  a  specimen  from  places  in  which  it  lately 
swarmed,  whilst,  immediately  beyond  the  limit  of  clearing,  it 
remains  as  numerous  on  the  foreshore  as  ever. 

The  following  experiment,  which  is  now  in  progress,  will,  I 
hope,  lead  to  definite  results  of  scientific  and  economic  value  on 
this  point.  I  propose  that  the  extended  clearing  of  the  fore- 
shore of  Entebbe  Bay,  which  had  already  been  recommended  as 
highly  necessary,  shall  be  carried  out  thus:  — 

A  strip  lof  200  yards  in  length  having  been  cleared  along  the 
water's  edge  to  a  width  of  30  yards,  the  results  as  affecting  the 
fly  will  be  carefully  watched,  and,,  if  necessary,  the  width  will 
bo  increased  by  strips  of  from  five  to  ten  yards  until  the  fiy 
disappears.  If  the  width  of  30  yards  proves  sufficient,  the 
next  strip  of  200  yards  along  the  foreshore  will  be  cleared  to 
a  width  of  25  yards  only,  and  the  result  watched  as  before, 
and  so  on  with  fresh  strips  till  a  definite  knowledge  is  obtained 
of  the  width  to  which  successful  clearing  should  be  carried. 
The  lake  shore  here  is  readily  accessible  for  frequent  observa- 
tion and  supervision,  and,  since  it  is  fairly  thickly  infested 
with  fly  and  very  densely  covered  with  a  moderately  wide_  belt 
of  forest  and  undergrowth,  the  test  should  give  a  reliable 
average  for  most  foreshores. 

It  is  probable  that  a  still  larger  experiment,  embracing  the 
whole  of  the  Entebbe  Peninsula,  will  also  be  undertaken. 

A  line  would  be  drawn  from  the  head  of  Kesubi  Bay  to  the 
head  of  the  opposite  bay  on  the  western  side,  and  the  whole 
peninsula  south  of  this  would  be  dealt  with  by  the  clearing  of 
inhabited  and  fly-infested  foreshores,  ferries,  landings,  water- 
ing-places and  native  markets,  and  by  the  removal,  where 
necessary,  of  natives  and  their  dwellings  from  the  fly-range, 
so  as  to  form,  if  successful  in  aliy  marked  degree,  an  object 
lesson  to  teach  the  natives  what  they  can  do  for  themselves ; 
and  I  have  great  hope  that  this  will  be  both  practicable  and 
ultimately  successful.  Most  of  the  statistics  of  this  peninsula 
necessary  for  the  experiment  have  already  been  obtained  with 
this  object  in  view,  but  they  will  have  to  be  corrected  by  further 
observations  unless  a  beginning  of  operations  is  soon  made. 

I  believe  the  above-mentioned  area  to  be  the  most  favourable 
which  can  be  taken,  for  the  following  reasons:  — 

(1)  The  fact  that  it  is  a  peninsula,  is  accessible,  and  ean 

comparatively  easily  be  overlooked  by  the  Adminis- 
trative and  Medical  Authorities. 

(2)  That  Entebbe  might  naturally  be  looked  to  by  the 

natives  as  the  centre  of  our  endeavours  agamst 
sleeping  sickness. 
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(3)  That  this  area  is  well  known  to  the  natives  to  be  in 
many  parts  thickly  infested  by  fly,  has  had  a  bad 
name  among  them  for  sleeping  sicknessi  in  the  past, 
and  is  certainly  not  a  locality  of  which  they  could 
afterwards  say  that  what  has  been  done  here  cannot 
be  done  m  most  other  places. 

_  It  is  necessary  to  bear  in  mind,  however,  in  this  or  any 
similar  experiment,,  that,  even  under  the  most  favourable 
circumstances,  it  will  be  impossible  to  stamp  out  sleeping  sick- 
ness suddenly  and  at  once.  Success  will  have  to  be  measured 
by  the  decrease  in  fresh  cases  in  proportion  to  the  existing 
population,  but,  for  some  considerable  time,  a  great  though 
diminishing  fallacy  will  be  present  in  the  iact  that  a  certain 
number  lof  the  inhabitants  are  doubtless  already  inf  ected,  and, 
owing  to  the  incubation  or  febrile  period  being  sometimes  pro- 
longed to  several  years,  many  new  cases  may  be  cropping  up 
during  that  period,  although  there  may  have  been  very  few  or 
no  recent  infections. 

_  It  may  be  found  possible,,  however,  by  systematic  examina- 
tion of  glands  and  by  means  of  gland  puncture,  to  get  a  fairly 
clear  idea  of  how  many  of  the  cases  are  due  to  former  and  how 
many  to  reeent  infection. 

In  addition  to  these  experiments  certain  areas  such  as  the 
foreshores  at  ferries,  fords,  .canoe-landings,  village  dipping- 
places  and  native  markets,  have  been  specially  recommended 
for  clearing;  and  this  is  being  done,  where  possible,  either 
wholly  or  partially  by  the  natives  themselves.  Such  places  are 
being  noted  monthly  in  their  reports  by  the  Medical  Officers 
of  the  Sleeping  Sickness  Extended  Investigations,  who  are 
directed  to  instruct  the  local  chiefs  as  to  the  connection  of 
Glossina  2ycdpaUs  with  sleeping  sickness,  the  reasons  for  clear- 
ing, the  situations  where  it  is  necessary  and  the  amount  which 
will  probably  be  required.  These  instructions  are  bein.^- 
supported  by  the  Administrative  Authorities,  and  in  due  course 
the  Medical  Officers  will  re-examine  these  clearings  and  note 
their  local  effects  as  regards  the  fly,  the  use  the  natives  make 
of  them  and  whether  they  are  keeping  them  in  efPective  order 
by  planting  or  ;by  other  means. 

I  have  proposed  also  a  more  general  scheme  of  clearin  g  for 
serious  consideration,  namely,  that  the  cutting  of  fuel  on  the 
mainland  and  islands  for  steamers  and  other  purposes  should 
be  restricted  as  much  as  possible  to  such  localities  as,  now  and 
hereafter,  may  be  recommended  for  especial  clearing,  and,  out- 
side these  areas,  to  a  zone  not  more  than  a  hundred  yards  in 
breadth  from  the  water's  edge.  I  have  also  suggested  that  the 
cutting  of  timber,  for  any  purpose  for  which  it  may  be  required 
might  be  encouraged  within  the  same  limits,  provided  that  the 
undergrowth  is  also  removed,  the  regulations  on  this  head  to  be 
applied  to  the  great  lakes  and  to  such  rivers  as  are  used  for 
navigation,  wherever  Glossina  pa^7?fl?w  is  present  on  the  margins 
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The  undergrowth,  when  cut,  should  he  collected  and  burned 
along  the  watersule,  so  as  to  aid  in  the  destruction  of  any 
pupsB  which  might  be  deposited  there. 

_  It  is  hoped  that  means  may  be  devised  of  storing  and  stack- 
ing the  green  wood  for  drying  at  convenient  places,  so  that  the 
wood-cuttmg  necessary  for  the  large  and  increasing  amount  of 
±uel  consumed  by  the  steamers  may  be  turned  to  account  for 
the  special  clearing  required,  and  the  value  of  the  fuel  set  off 
against  the  expense  of  the  same. 

To  I'^vert  to  special  clearings  at  places  of  human  concourse, 
1.  13  probable  that  none  of  these  need  extend  over  more  than  a 
relatively  small  area,  ajid  that,  in  the  case  of  fords,  ferries, 
landings  and  dippmg-places,  a  strip  of  bank  or  foreshore  200 
to  300  yards  long  and  perhaps  not  more  than  50  to  100  yards 
back,  with  a  wide  track  from  it,  where  the  fringe  of  forest  or 
jungle  is  deeper  than  the  width  of  the  clearing,  to  the  nearest 
road,  market  or  settlement,  will  in  most  instances  suffice.  In 
making  these  clearings  for  natives  it  will  be  well  to  remember 
that  a  few  tall  shade-trees,  well  isolated,  and  as  nearly  as  may 
be  in  the  centre  of  the  cleared  space,  should,  wherever  possible, 
be  left  standing,  or,  failing  these,  an  artificial  shelter  built, 
for  otherwise  many  natives  will  not  use  the  clearings  at  all, 
but  will  sit,  eat  and  sleep  in  the  jungle  at  their  margins. 

Wherever  clearing  is  undertaken  in  order  to  banish  the  fly 
it  will  he  necessary  to  keep  open  the  cleared  spaces,  and,  at  the 
same  time,  to  avoid  the  endless  labour  and  expense  inseparable 
from  the  constant  re-cutting  which  would  be  required  to  keep 
down  the  undergrowth  in  a  climate  in  which  it  renews  itself 
so  rapidly  as  in  the  Uganda  Protectorate,  and  the  only  way  to 
do  this  effectually  seems  to  be  by  planting  some  grass  or  small 
plant  which  hy  its  hardihood  will  retain  a  hold  on  the  ground 
while  affording  no  efficient  shelter  for  the  fly.  Of  course  the 
best,  economically  speaking,  would  be  such  as  would  give  some 
marketable  return,  if  such  can  be  found.  His  Excellency  the 
Commissioner  has  instituted  at  Entebbe  the  planting  of  citron- 
ella  grass,  and  this  has  hithei'to  been  perfectly  successful  as 
regards  the  fly.  Probably  the  best  substitute  for  it  in  many 
native  clearings  will  be  either  the  sweet  potato,  the  ground-nut 
or  sem-sem,  according  to  the  nature  of  the  soil.  Bananas 
afford  too  much  shade  for  it  to  be  safe  to  plant  them  close  to 
the  waterside,  though  a  sliadeless  space  of  30  yards  or  so 
between  them  and  the  water  seems  to  be  sufficient  to  keep  the 
fly  out  of  them. 

It  will  'be  safer  and  cheaper,  in  the  case  of  huts  and  villages 
wholly  or  partially  Avithin  the  fly-range,  if  they  cannot  be 
removed  altogether,  to  move  back  the  dwellings  out  of  range 
and  to  make  a  clearing  such  as  has  been  described  above  to 
connect  them  with  the  water  supply.  Tlie  distance  which  they 
may  need  to  be  moved  in  order  to  be  beyond  the  fly-range  may 
possibly  vary  from  50  yards  to  half  a  mile,  but,  in  some  cases, 


37 


as  wliere  they   are   situated   on  a  very  narrow  bush-clad 
peumsula  di&cii  t  to  clear,  or  where  the  fly-range  is  abnormally 
wide,  It  would  'be  imperative  to  remove  them  altogether.  It 
will  seidom,  m  fact,  be  wise  or  necessary  to  clear  whole  settle- 
ments withm  the  fly-range    If  they  are  far  enough  back  and 
sufficiently  well  .situated,  the  foreshore,  with  a  communication 
±rom  It  to  the  settlement,  may  be  cleared,  otherwise  they  should 
be  removed.    Where  the  inhabitants  are  very  few  or  the  sick 
are  very  many  ,and  communities  are  therefore  unable  to  take 
f"^  precautions    or  where  they  are  refractory  and 
letuse  to  do  so,  they  should  be  deported  to  some  fly-free  area  in 
tne  interior. 

What  has  been  said  of  huts  and  villages  applies  in  most  in- 
s  ances  to  native  markets.      Some  of  them  may  have  to  be 

o^n^i  1  mf  '  ''''^^  ^^^^^  ^^^^^^^  '^^^^^  and  some 
abolished.  These  markets  are  notoriously  situated  in  the  very 
worst  places  as  regards  fly,  and  have  probably,  as  has  been 
suggested  above,  actually  caused  the  superabundance  of  flies 
that  infest  them  I^o  attempt  is  made  by  the  natives  on  their 
own  account  to  clear  them ;  they  are  widely  resorted  to  by  both 
sick  and  sound  and  by  both  coast  and  inland  people,  as  well 

'^'''''^  T^^'  i"^  i^l^^^^i^i^s,  and  are  probably  the  most 
dangerous  centres  of  infection  which  exist. 

I  am  strongly  of  opinion  that,  where  natives  refuse  or  are 
unable  to  undertake  the  necessary  local  clearing,  they  should, 
for  the  sake  of  the  community,  be  forbidden  to  occupy  villages 
or  to  visit  markets  within  the  fly-range,  wherever  there  is  a 
reasonable  chance  of  enforcing  their  obedience ;  and  that, 
where  there  is  little  or  no  chance  that  natives,  either  on  accouni 
of  the  natural  difficulties  or  of  their  own  indisposition,  will 
deal  eflectiyely  with  their  own  settlements,  they  should  be 
deported  inland  to  a  fly-free  area  at  such  a  distLce  as  win 

For  wJT'^fl"""''! -"^17^*^'      ""^'^^'^  fly-range  difficult, 

i^oi  while,  theoretically,  persons  and  villages  need  usuallv  be 
removed  only  a  few  hundred  yards  in  order  to  be,  M^th  p  oper 
care,  safe  ^rom  fly,  yet,  as  a  matter  of  policy  and  adminis 
vtn;\?  f  f-*:-^  natives,  there  will  be  no  safety 

at  a  m^^^j^  distance,  at  which  moreover  it  is 

possible  that  some  form  of  concentration  may  be  feasible,  and 
this,  as  Sis  Excellency  the  Commissioner  has  pointed  out, 
Avould  be  a  great  advantage  in  the  application  of  any  form  of 
successful  treatment  which  may  be  discovered ;  it  would,  more- 
over, be  favourable  for  purposes  of  supervision,  and  for  keepin- 
s  atistical  records.  Any  form  of  ^concentration  near  the  lake 
shore  or  within_  easy  distance  of  fly-ranges  I  consider  in  the 
highest  degree  inadmissible. 

The  protection  of  the  native  employees  engaged  in  occupa- 
tions such  as  rubber  collecting,  which  may  in  some  places 
expose  them  to  the  attacks  of  the  fly,  is  also'mainly  a  que  ion 
of  .  clearing,  and  would  be  met  by  inserting  provisions  in  leased 
and  concessions  which  would  insure  the  clearing  by  the  em- 
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pLuyers  of  such  landings,  camps,  collecting  and  storing  stations^ 
&c.,  as  are  situated  in  the  fly-range.  Native  labourers  should 
also  be  encouraged  to  wear  a  more  efficient  covering  in  the  way 
of  clothes  as  a  protection  against  the  fly,  but  this  would  be  of 
very  little  use  to  them  until  they  have  learned  to  avoid  or  resist  - 
its  bite,  which  they  are  only  just  beginning  in  .a  few  places  to 
regard  at  all.  It  is  still  common  enough,  where  the  fly  is 
plentiful,  to  see  half  a  dozen  or  more  flies  feeding  quietly  and 
unnoticed  on  the  nude  body  of  a  native. 

The  dangerous  occupation  of  fishing  should  be  discouraged 
as  much  as  possible  and  should  be  forbidden  altogether  in  those 
localities  in  which  it  is  impossible  to  restrict  it  within  fly-free 
ai-eas,  or  where  no  such  areas  exist  of  svifficient  extent  to  allow 
of  its  proper  regulation.  Certain  villages,  as  I  have  men- 
tioned, are  only  or  mainly  in  contact  with  Glossina  palpalis 
through  this  occupation,  while  the  fish  trade  is  the  chief,  or 
one  of  the  chief,  causes  of  the  traffic  of  the  hinterland  villages 
with  the  lake  shores. 

I  fear  that  little  ean  be  done  with  reference  to  the  regulation 
or  selection  of  hours  of  occupation  within  the  fly-range,  since 
there  is  no  absolute  safe  margin  of  time  either  in  the  morning 
or  the  evening  during  daylight.  Some  use  may  be  made,  how- 
ever, of  the  fact  that  Glossina  palpalis  is  much  less  active 
before  8  a.m.  and  after  4.30  p.m.,  especially  by  villagers  for 
such  purposes  as  bathing,  drawing  water  or  washing  clothes, 
and  by  travellers  for  camping  and  breaking  camp;  and  also, 
for  some  purposes,  .advantage  might  be  taken  of  the  fact  that 
they  are  almost  entirely  inactive  in  wind  and  rain. 

The  term  "local  segregation"  of  the  sick  I  have  already 
used  and  briefly  explained  above.  It  consists  in  the  removal 
of  the  sick  of  each  hxit,  village  or  settlement  from  contact 
with  the  local  fly-range,  prohibiting  them  from  visitmg  the 
waterside  and  supplying  them  with  water  and  also,  where 
necessary,  with  food  as  well.  I  showed  in  my  above-qiioted 
report  (Report  VIII.)  that  this  could  easily  and  with  little  or 
no  expense  or  hardship  be  carried  out  by  each  village  or  chief 
separately,  because,  so  far  as  the  fly  is  concerned,  the  removal 
of  huts  and  of  patients  need  be,  in  very  many  cases  only  lix)m 
the  waterside  to  the  next  hill  or  open  space  behind  the  forest 
fringe,  often  only  a  few  hundred  yards.  I  fear,  however,  that, 
in  most  parts  of  the  Protectorate,  the  natives  could  not  be 
trusted  to  carry  out  even  these  simple  measures  siiffaciently 
strictly  or  for  a  sufficient  length  of  time  to  produce  satisfactory 
results.  I  am  confident,  however,  that  in  some  parts,  where 
the  natives  are  more  intelligent  and  more  under  European 
control,  as  in  the  Uganda  Kingdom  and  possibly  TJsoga,  the 
advantages  of  these  measures  will  be  eventually  understood  and 
that  a  fair  number  of  villages  would  undertake  them  if  sup- 
ported by  their  chiefs.  Any  general  application  of  segregation 
to  the  Protectorate  as  a  whole  would,  however,  have  to  be 
undertaken  by  Government. 
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The  plan  is  very  simple  in  itself,  and  I  consider  it  of  equal 
if  not  of  greater  importance  than  clearing  both  in  its  suit- 
ability for  general  application  and  as  a  preventive  measure, 
and  that  every  efEoi-t  should  be  made  and  every  assistance  re- 
quested from  lall  classes  of  Europeans  and  from  the  higher  and 
more  intelligent  chiefs, to  induce  the  natives  to  acquiesce  in  it, 
even  where  they  do  not  take  it  up  actively  themselves.  "For, 
even  if  it  were  only  partially  carried  out,  it  would  enormously 
diminish  the  risks  for  many  people,  and  also  the  chances  of 
infection  and  constant  re-infection  of  larg-^e  numbers  of  flies, 
and  would  tend  to  increase  the  safety  not  only  of  the  villages 
wherever  it  is  adopted,  but  also  of  travellers  passing  through. 
The  less  the  natives  undertake  it,  however,  i.e.,  the  less  "  local  " 
it  can  be  made,  and  the  more  the  Oovernment  are  obliged  to 
take  it  in  hand,  the  more  concentration  will  be  required  and 
the  more  it  will  probably  cost  to  carry  out. 

There  is,  of  course,  the  difficulty  of  detecting  the  disease  in 
its  early  stages,  but,  on  the  other  hand,  it  is  the  advanced  and 
easily  recognised  cases  that,  Ijiug  about  torpid  near  the  water- 
side, present  by  far  the  greatest  opportunities  to  the  fly. 
Eui-ther,  the  detection  of  early  cases  is  much  easier  to  the 
natives  themselves,  since  they  are  able  to  note,  in  their  rela- 
tions and  acquaintances  who  are  under  their  constant  obser- 
vation, those  ehanges  of  mental  attitude  or  habit  and  the 
intermittent  symptoms  which  occur  so  very  early  in  the  disease, 
with  far  more  certainty  than  can  a  medical  man  in  isolated 
examinations.  The  more  heartily,  therefore,  the  natives  can 
be  persuaded  to  enter  into  any  such  scheme,  the  more  com- 
pletely will  infectious  cases  be  removed  from  infective  areas. 

This  measure,  in  fact,  in  common  with  others  of  any  magni- 
tude, has  the  disadvantage  that,  even  if  it  be  undertaken  and 
supervised  by  Oovernment,  it  cannot  be  thoroughly  carried  out 
without  the  co-operation  of  the  natives,  and,  since  it  is  so 
important  in  all  preventive  measures  which  may  be  attempted, 
including  the  enforcement  of  precaution  on  individuals  for  the 
sake  of  the  community,  that  native  co-operation  should  be 
obtained,  I  have  compiled  an  address  to  natives  on  the  subject 
of  sleeping  sickness,  the  fly,  and  the  measures  of  clearing  and 
of  segregation,  in  which  I  have  tried  to  explain  the  present 
situation  as  simply  as  possible.  I  propose  to  get  this  address 
translated  into  the  languages  of  the  more  intelligent  natives, 
and  afterwards  printed  and  circulated  wherever  there  is  a 
chance  of  its  being  read  and  understood.  (It  is  already  being 
circulated  in  Luganda.  Appendix  D.).  A  copy  has  already 
been  submitted  for  approval,  and  one  will  be  found  attached  to 
this  report.  The  importance  which  I  attach  to  native  co- 
operation or,  at  least,  acquiescence,  is  manifest  in  the  address 
itself. 

"Where  the  villagers  are  unable  or  disinclined  to  segregate 
their  sick  and  to  take  the  other  precautions  recommended  to 
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tliem,  wliich  1  fear  will  be  the  case  in  most  places  outside  tlie 
Ugauda  Jxiugdom  aud  iu  not  a  few  within  it,  1  am  of  opinion 
that  measures  should  be  taken  to  deport  them  to  such  parts  of 
the  interior  of  the  PMtectorate  as  are  free  from  tiy  and,  since 
our  investigations  show  that  lly-free  country  is  available  in 
each  county  and  district  affected  by  sleeping  sickness,  there 
need  be  no  question  of  removing  them  far  from  their  friends  or 
native  soil,  for  a  centre  might  be  found  in  each  chieftainship, 
county  or  district  for  segregation  of  the  sick  and  for  deporting, 
from  withm  the  fly-range,  those  who  are  refractory  or  so 
apathetic  as  to  be  a  danger  to  others. 

'The  removal  of  huts  and  villages  from  contact  with  the  fly 
range  has  already  been  alluded  to  in  connection  with  clearing. 
The  Medical  Officers  of  the  Sleeping  Sickness  Extended 
Investigations  are  investigating  this  range  and,  as  soon  as  it  is 
determined  in  any  place,  the  removals  should  be  carried  out 
without  delay.  In  Uganda  and  other  places  where  the  chiefs 
are  intelligent  it  should,  theoretically,  present  little  difiiculty, 
yet  unless  the  removal  is  to  the  interior,  it  must  be  accom- 
panied in  most  cases  by  clearing  the  fore-shore  and  a  way  to 
the  water-supply,  a,nd  the  natives  can  iseldom  be  depended  on, 
without  periodical  inspection,  to  keep  up  this  clearing  over  any 
prolonged  period.  In  many  parts,  especially  the  Nile  and 
parts  of  Unyoro,  where  they  are  backward  and  full  of  suspicion, 
they  cannot  be  depended  on  to  do  anything  at  all  for  them- 
selves, so  that  removal  to  safe  localities  is  the  only  course 
remaining  open,  and  should  be  carried  out  where  possible. 
The  conditions  in  the  Nile  Province  do  not  point,  as  I  have 
already  stated,  to  the  likelihood  of  the  occurrence  of  a  very 
great  epidemic,  such  as  that  on  the  Victoria  Nyanza,  though 
the  eventual  loss  of  life  will  probably  be  large  as  the  disease 
smoulders,  perhaps  for  years,  among  the  scattered  villages. 
Not  the  least  obstacle  to  the  general  application  there  of  any 
measure  lies  in  the  frequent  and  indiscriminate  and  probably 
as  yet  uncontrollable  crossing  and  recrossing  of  the  river  by 
considerable  numbers  of  the  natives  to  and  from  the  Nile 
Province  and  the  Congo  Free  State.  It  is  quite  possible, 
indeed,  that  by  this  channel  the  infection  first  found  its  way 
into  the  Uganda  Protectorate,  as  I  have  hinted  elsewhere,  in 
speaking  of  the  Medical  Officer's  reports. 

The  experiment  of  reducing  the  number  of  flies  locally  by 
capture  has  been  tried  incidentally  at  Entebbe.  Here  flies 
were  captured  for  scientiflc  purposes  by  from  two  to  six  fly- 
boys,  who  brought  in  on  an  average  perhaps  100  to  150  each 
per  day,  almost  daily,  for  several  years.  These  boys  went 
almost  always  to  a  certain  part  of  the  fore-shore  where  flies 
are  plentiful,  and  I  was  able  to  examine  this  fore-shore  both 
soon  after  the  captures  commenced  and  also  a  short  time  before 
it  was  recently  cleared  of  undergrowth,  when  I  could  perceive 
no  difference  in  the  number  of  flies,  which  were  still  very  plenti- 
ful.   After  the  clearing,  however,  the  boys  had  to  change  thoir 
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hunting-grounds  to  an  uncleared  pai-t  furtlier  up  tlie  bay  in 
order  to  obtain  specimens. 

With  regard  to  the  possibility  of  introducing  some  destruc- 
tive animal  agency,  disease  or  parasite  among  the  flies,  I  am 
not  aware  that  any  experiments  have  yet  been  attempted  in 
this  direction. 

As  to  the  possibility  of  reducing  the  number  of  flies  locally 
by  limiting_  their  food-supply,  this  is  to  a  certain  extent  accom- 
plished incidentally  wlierever  human  dwelling  are  removed 
beyond  the  fly-range  and  wherever  places  of  human  concourse 
or  traffic  therein  are  cleared  of  undergrowth  and  the  oppor- 
tunities of  the  fly  for  feeding  on  human  being  are  curtailed. 
I  have  mentioned  that  it  has  been  observed  that  such  places  as 
native  markets  on  or  very  near  to  the  lake-shore  are  infested 
by  swarms  of  flies,  and  that  similar  swarms  are  found  at  the 
habitual  shore-resorts  of  such  animals  as  hippopotami  and 
crocodiles,  probably  as  a  result  of  a  plentiful  food-supply. 
Such  haunts  of  these  animals,  therefore,  as  exist  anywhere 
near  human  settlements  or  traffic-routes  should  be  cleared  and 
the  animals  either  killed  off  or  driven  away  and,  since  Glossina 
paliKihs  seems  to  be  omnivorous  as  far  as  vertebrate  blood  is 
concerned,  any  vertebrate  which  may  be  found  to  ofler  it 
special  opportunities  for  feeding  should  be  got  rid  of,  as  far  as  . 
possible,  in  like  manner. 

One  of  the  fii-st  measures  which  occurs  to  one  for  the  pre- 
vention of  the  spread  of  epidemics  is  the  closure,  complete  or 
partial,  of  traffic-routes,  but  this  is  impossible  in  the  present 
instance  for  special  reasons.    In  the  first  place  it  could  not  be 
satisfactorily  carried  out,  or  could  not  be  prolonged  over  a 
sufficient  period,  for  the  same  reason  that  quarantine  is  in- 
applicable, namely,  the  long  and  indefinite  duration,  amount- 
ing sometimes  to  years,  of  the  infection  in  human  beings. 
Another  reason  is  that  it  appears,  so  far  as  one  can  tell  at 
present,  impossible  to   find   alternative   main  traffic-routes* 
which  would  have  any  prospect  of  being  safer  than  those  now 
m  use,  and  that  to  open  up  new  routes  which  are  equally 
infested  by  fly  would  but  widen  the  spread  of  infection  in  the 
long  run.    Then,  again,  practically  all  the  more  important 
traffic  of  the  country  is  unavoidably  connected  somewhere  or 
other  with  infected  .districts,  and  practically  all  the  internal 
transport  is  done  by  porters  who  either  are,  or  have  been  at 
some  time,  living  in  contact  with  epidemic  areas.      I  may 
explain  that,  in  speaking  of  traffic,  the  intercommunication 
between  the  natives  themselves,  whether  for  trade  or  other 
purposes,  is  included  and  forms,  probably,  a  far  larger  pro- 
portion of  the  whole  than  that  pertaining  to  non-native  traders 
and  travellers,  and  that  of  the  Government  combined.  This 
would  never  be  -stopped  nor  to  any  great  extent  controlled  by 
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closing  roads,  but  would  filter  tlirough  tlie  country  to  the  same 
extent  as  before  and  tlirougli  more  numerous  and  often  more 
dangerous  channels. 

Probably  the  best  that  can  be  done  in  this  direction  is  to 
establish  some  sort  of  control,  by  medical  inspection  and  sur- 
veillance, of  native  travellers,  traders  and  emigrants  from 
epidemic  areas,  and  especially  such  as  wish  to  pass  through  or 
i-emain  in  districts  in  which  the  fly  exists  but  has  not  yet 
been  infected.  In  all  such  potential  epidemic  areas,  if  there 
remain  any  in  the  Uganda  Protectorate,  as  is  possible  in  the 
case  of  the  northern  part  of  the  Nile  Province  and  the  region 
round  Lake  Albert  Edward,  it  is  very  necessary  that  precau- 
tions should  be  taken ;  and  emigrants,  visitors  and  travellers 
should,  wherever  possible,  be  kept  fi-om  contact  with  the  fly- 
ranges  in  the  same  manner  as  is  recommended  for  segi'egation 
of  the  sick,  e.g.,  by  clearing  ferries,  fords,  &c.,  on  the  main 
approaches ;  by  flxing  markets  in  the  fly-free  localities,  as,  for 
instance,  the  salt  market  in  Toro.  Like  precautious  should  be 
taken  in  all  places  where  efforts  are  being  made  by  clearing 
and  otherwise  to  stamp  out  the  disease. 

As  regards  the  traffic-routes  themselves,  they  have  already 
been  spoken  of  with  reference  to  clearing.  It  must  be  borne 
in  mind  that  roads  do  not  pass  through  wide  fly-belts,  but  they 
are  infected,  or  liable  to  become  so,  in  spots,  strips  and  small 
patches,  where  they  pass  through  or  come  in  contact  with  fly- 
ranges  on  the  borders  of  streams  or  lakes.  The  most  practical 
plan  seems  to  be  to  regulate  and  improve  the  present  routes  as 
far  as  possible  and,  in  opening  up  new  ones,  to  take  every  pre- 
caution in  advance  to  make  them  as  safe  as  circumstances  will 
allow.  In  improving  the  present  routes  diversions  may  be 
feasible  at  some  points,  clearing  will  be  necessary  at  others, 
especially  at  such  fords,  ferries,  landings,  camps  and  watering- 
places  as  the  fly  infests.  In  water-traffic  the  course  should  be, 
wherever  possible,  at  least  5U  yards  from  any  shore  or  bank 
where  the  fly  is  known  or  believed  to  exist,  and  camping- 
places  and  fuel-stations  should  be  carefully  chosen  and  cleared, 
not  only  regular  but  also  emergency  camps  being  prepared, 
especially  where  sailing-vessels  are  in  use.  Another  necessary 
precaution  will  be  clearing  of  roads  from  camps  to  the  villages 
where  the  porters'  or  sailors'  food  is  obtained,  if  the  way  lies 
anywhere  near  the  waterside,  and  it  might  be  arranged  that 
their  food  should  be  brought  into  camp  wherever  this  is 
possible. 

It  is  necessary,  perhaps,  to  point  out  the  fact  that,  in  clear- 
ing a  station  or  settlement  or  a  ford  or  ferry  on  a  traffic-route, 
the  total  abolition  of  every  fly  would,  in  many  of  the  worst 
places,  require  more  extensive  clearing  than  has  been  recona- 
raended  above,  for  stray  flies  may  be  brought  in  occasionally 
by  native  traffic  through  the  bush,  or,  possibly,  might  wander, 
in  some  places,  from  neighbouring  breeding-groimds.  These 
last,  however,  we  hope  in  the  near  future  to  be  able  to  locate 
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and  to  deal  witJi  mucli  more  easily  and  radically  than  is  the 
case  at  present.  To  banish  the  swarms  of  flies  that  at  present 
infest  such  places  in  many  instances  is,  however,  comparatively 
simple,  and  we  must  remember  that  an  occasional  fly  will 
neither  cause  nor  serve  to  keep  in  progress  a  great  epidemic, 
and  that  the  risks  of  infection  will  be  enormously  diminished 
by  such  measures  as  have  been  recommended.  The  main 
difficulty  will  be  the  up-keep  of  the  clearings  which  have  once 
been  undertaken,  and  this  should  be,  with  proper  supervision, 
a  constantly  decreasing  labour  and  expense  as  time  goes  on. 

In  conclusion,  I  may  add  that  my  personal  opinion,  which, 
though  it  may  seem  optimistic  to  many,  is  based  on  long  and 
careful  observation  of  the  distribution  and  habits  of  the  fly 
and  of  the  distribution  and  extension  of  the  epidemic,  is  tliat, 
in  the  Uganda  Protectorate  at  all  events,  it  is  possible  to 
control  the  spread  of  infection  to  a  large  extent  and  that,  if  it 
were  not  for  the  natural  indolence,  indifference  and  want  of 
confidence  in  the  natives  themselves,  the  task  would  be  far 
less  onerous  than  it  is  likely  to  pi'ove  as  things  are.  The 
natives,  however,  or  at  any  rate  the  bulk  of  them,  must  eventu- 
ally come  to  appreciate  the  wisdom  of  our  advice  and  of  our 
actions.  When  these  begin  to  be  attended  by  successful  results 
they  will  eease  to  distrust  our  motives  so  that,  if  the  present 
epidemic  can  once  be  checked,  any  future  outbreak  beyond 
those  endemic  centres  which  are  iinhappily  almost  certain  to 
remain  should  be  controllable  with  comparative  ease. 

I  will  now  summarise  the  foregoing  report  very  briefly  as 
follows :  — 

1.  The  mapping  of  the  distribution  of  Glossina  ^jaZ^jafe 

in  the  Uganda  Protectorate  is  practically  complete, 
for,  wherever  it  is  not  yet  mapped,  the  physical  con- 
ditions of  its  habitat  are  siifficiently  well  known  to 
enable  us  to  say  with  certainty  whether  or  not  the 
fly  is  likely  to  be  found. 

2.  The  distribution  of  sleeping  sickness,  which  was  pretty 

well  known  before,  except  in  the  case  of  the  Nile 
Province  and  the  small  epidemic  near  Elgon,  has 
been  confirmed,  and  the  observations  appear  to 
connect  the  disease  more  closel}''  than  ever  with 
Glossina  palpalis. 

3.  Broadly  speaking  the  degree  of  infection  and  the  dis- 

tance of  penetration  (other  things  being  equal)  into 
the  hinterland  is  everywhere  proportionate  to  the 
intensity  of  the  infeotion  and  the  prevalence  of  fly 
at  the  corresponding  lake-shore  or  river-side, 

4.  The  enquiry  has  shown   the   limited  extent   of  the 

"  infective  areas,"  in  which  alone  sleeping  sickness 
is  communicable  to  man,  and  the  wide  extent  of 
the  fly-free  interior,  in  which  it  is  not '  com- 
municable. 
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thZill  ^^'^  ^  ^^^'^  proportion  of 

tlio  epidemic  areas  and  tLe  bulk  of  liuman  infections 
IS  due  to  communication  witli  these  areas,  while 
within  them  ^^^^^1  residence 

^''Tcl^ftifi^'f''^'  also  the  efficacy  of  clearing  when 
scientifically  applied,  the  apparent  feasibflity  of 
segregation,  and  the  impox-t^ance  of  obtaining  native 
co-operation  if  possible. 

^•  -By  ^  clearing  or  otherwise  destroying  the  narrow 
natural  range  of  Glossina  palpalis  the  wider 
following"  range  is  abolished. 

«.  It  is  most  important  to  consider,  with  regard  to  preven- 
tion the  width  of  the  fly-ranges  (infective  areas) 
and  the  constant  traffic  with  these  from  inland. 

!>  The  most  important  and  most  practical  preventive 
measiires  at  the  present  time  appear  to  be  a  com- 
bination of  the  clearing  of  and  segregation  from  the 
infective  areas,  with  or  without  deportation  Also 
the  segregation  in  fly-free  country  will  favour  the 
administration  of  any  special  treatment. 

in.  (3ur  action  in  the  Nile  Province,  the  Nile  itself  not 
being  a  true  mter-tribal  boundary  and  there  being 
constant  migration  from  bank  to  bank,  must  depend 
on  the  result  of  our  enquiries  into  the  capacity  of 
Crlossvnce  morsitans  and  pallidipes  of  carrying  the 
infection,  and  also  on  the  action  (if  any)  which  may 
be  taken  by  the  Sudan  and,  especially,  the  Congo 
Free  State  Governments  in  the  matter. 

11.  The  natives  of  the  Uganda  Protectorate,  by  keeping 

their  sick  fi'om  the  water-side,  their  dwellings  out- 
side the  fly-range  and  their  water  supplies,  fords, 
femes,  landing,  markets,  &c.,  cleared  of  under- 
growth and  placing  them,  wherever  possible,  in  fly- 
free  situations  could,  in  all  probability,  themselves 
control  the  disease ;  and  though  it  is  not  likely  that 
the  bulk  of  them  will  yet  attempt  it,  it  is  possible 
that  they  may  in  the  course  of  years  gradually 
acquire  a  habit  of  using  the  defensive  measures  now 
proposed. 

12.  It  is  probable  that  sleeping    sickness   may  remain 

endemic  in  certain  parts  of  the  Protectorate  which 
will  beoome  localised  as  time  goes  on.  Whether 
the  lake-shore  or  Nile-bank  regions  will  remain 
permanently  dangerous  to  a  population  living  in 
them  will  depend  chiefly  on  the  natives  themselves. 

13.  It  is  most  important  that  the  duration  of  infection  in 

the  fly  should  be  determined. 

14.  In  the  Uganda  Protectorate,  although  it  may  be  im- 

possible to  eradicate  sleeping  sickness   in   a  few 
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endemic  centres,  I  believe  there  is  good  ground  for 
hope  that  the  present  epidemic  may  be  so  far  con- 
trolled, over  the  greater  part  of  its  extent,  that  the 
disease,  even  though  we  fail  to  find  an  effectual 
and  practicable  cure,  may  cease  to  be  a  menace  to 
the  population  and  a  serious  obstacle  to  the  develop- 
ment of  the  country,  and,  further,  that  fresh  out- 
breaks of  anything  like  the  dimensions  of  the 
present  one  should  become  almost  impossible  of 
recurrence  in  the  future. 


APPENDIX. 


I.    Abstracts  prom  Dr.  Bagshawe's  August  Report. 
Experiments  on  Flu/ht  of  Gloasina.  Palpalh. 

I  was  led  to  think  that  flies  might  be  present  in  abundance 
at  a  spot  faT  from  their  breeding-place  if  a  constant  supply  of 
animal  food  were  there  obtainable,  and  to  devise  an  experi- 
ment which  would  show  how  far  flies  may  wander  in  the  course 
or  a  river. 

Trial  experiment.— On  August  7th  46  flies  were  caught  at 
Marubaie  Ford  and  brought  to  the  camp.  I  snipped  from  each 
with  scissors  a  portion  of  the  right  fore-leg  and  put  them  into 
another  cage. 

Afterwards  the  46  flies  so  treated  were  released  at  the  ford. 
On  the  8th  108  flies  (47  males,  61  females)  were  taken  at  the 
lord,  two  of  which  had  a  portion  of  the  right  fore-leg  missing 
and  were  evidently  two  of  those  marked  the  day  before. 

Clearly  here  I  had  a  ready  means  of  identifying  a  retaken 

fly- 

Experiment  No.  /.—On  the  9th  I  sat  at  the  ford  while  the 
boys  caught  flies.  Each  as  it  was  caught  was  brought  to  me 
held  while  I  .snipped  off  a  part  of  the  left  fore-len  as  nearly 
as  possible  through  the  tibio-femoral  joint,  its  sex  noted,  and 
the  fly  put  into  a  fly-box.  Seventy-nine  were  so  treated  (21 
males,  58  females).  Three  others  were  caught  already  maimed 
(on  the  7th) ;  these  were  killed. 

•       1*^^  "^Jf  """""l  ^  maimed  flies  to  hippo,  land- 

ing-place 500  yards  further  up  the  river,  at  a  spot  where  flv 
abounded,  and  released  them. 

On  the  10th  I  similarly  treated  113  flies  (49  males  and  64 
females). 

On  this  occasion  I  kept  a  special  record  of  the  flies  which 
had  followed  the  fly-boys  (my  station  being  50  yards  from  the 
water)  and  which  were  caught  on  the  spot :  of  those  12  Avere 
males  and  19  females.  It  is  interesting  to  note  that  one  of 
these  was  a  fly  I  had  marked  on  the  9th,  and  that  it  was  caught 
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by  imprisoning  the  proboscis  in  a  porter's  skin  with  a  scissor 
blade  ihree  others  were  flies  marked  on  the  9th:  they  were 
discarded. 

The  113  flies  were  released  on  tlie  same  spot  as  the  79, 
making  a  total  of  192  flies  marked  in  the  same  way  (left 
fore-leg).  ' 

On  the  nth  211  flies  (92  males  and  119  females)  were  caught 
at  the  ford ;  of  these  10  males  and  8  females  were  identified  as 
flies  released  on  the  9th  and  10th,  i.e.,  of  the  211  flies  caught 
18  had  come  from  the  spot  500  yards  higher  up,  and  of  the 
192  mutilated  flies  22  had  been  recaught,  or  more  than  11  per 
cent.  This  result  was  decidedly  encouraging:  I  resolved  to 
vary  the  experiment. 

Experiment  No.  //.—On  the  12th  I  operated  on  the  flies  at 
the  hippo,  landing-place  mentioned  (to  be  referred  to  as  "  H."), 
snipping  the  left  mid-leg  through  the  tibio-femoral  joint.  104 
flies  (43  and  Gl)  were  so  treated :  they  were  then  liberated  at 
the  same  spot.    The  13th  was  dull :  no  flies  were  caught. 

On  the  14th  there  were  caught  at  a  fishing-hut  (A)  400  yarda 
below  the  ford  (900  yards  from  H.i)  101  fliers,  of  which  1  male 
had  the  left  mid-leg  deficient. 

At  the  ford  were  taken  113  flies  (48  males  and  65  females) : 
of  these  2  males  and  2  females  had  the  left  mid-leg  deficient, 
i.e.,  1  fly  had  wandered  900  yards  from  its  original  place  of 
capture,  and  4  flies  had  wandered  300  yards  from  their  original 
place  of  capture. 

The  flies  identified  as  marked  on  other  days  were  noted  and 
killed. 

Experiment  No.  III. — On  the  Ifith  I  marked  at  the  ford,  by 
dividing  the  right  of  the  mid  pair  of  legs  through  the  tibio- 
femoral joint,  65  flies  (22  males  and  43  females). 

_  On  the  17th,  at  H.,  109  flies  (43  males  and  66  females)  were 
similarly  treated.  In  the  afternoon  I  took  these  and  the  flies 
marked  on  the  16th  to  a  spot  above  the  Mpanga  waterfall, 
estimated  by  Mr.  Haldane  and  myself  as  certainly  a  mile  from 
the  ford.  Here  were  released  nominally  65  males  and  199 
females,  but  several  had  died.    The  18th  was  rainy  and  sunless. 

On  the  19th  there  were  caught  at  the  ford  429  flies  (191  males 
and  238  females).  Of  these  2  males  and  6  females  wanted  the 
right  mid-leg,  i.e.,  on  the  3rd  day  5  per  cent,  of  the  flies 
liberated  a  mile  away  had  been  recaught. 

Experiment  Nn.  IV. — A  repetition  of  No.  III. 

On  the  22nd  89  flies  (37  males  and  52  females)  were  marked 
by  the  removal  of  the  right  hind-leg,  taken  to  a  spot  above  the 
fall  and  there  released.  A  fly  (female)  caught  during  the 
operation  had  the  right  mid-leg  wanting.  On  the  way  back  to 
camp  I  visited  the  river  about  half  a  mile  lower  down  in  the 
gorge  where  it  is  difficult  of  access.  Here  7  flies  were  caught, 
one  of  which  was  a  female  I  had  releaRerl  half  an  hour  before. 
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August  24tli.  Of  135  flies  caught  at  the  ford  1  male  had  the 
right  mid-leg  deficient. 

August  26th.  Of  199  flies  caught  1  male  and  1  female  had 
the  right  mid-leg  deficient,  and  1  female  had  the  right  hind- 
leg  deficient. 

On  September  2nd  I  visited  Hartibale  from  Kastinga.  163 
flies  were  caught  at  the  ford. 

Two  females  had  the  right  mid-leg  missing,  1  had  the  right 
hind-leg  missing. 

Thus,-  of  the  174  flies  released  above  the  fall  on  August  17th, 
14  (4  males  and  10  females)  had  been  retaken  a  mile  below,  and 
of  the  89  released  on  the  23rd  2  females  had  been  retaken  a 
mile  below  (time  had  not  been  sufiicient  for  the  last  experi- 
ment). 

These  figures,  as  far  as'they  go,  tend  to  show  that  females  fly 
further  than  males,  but  they  are,  of  course,  too  small  for 
definite  conclusion.  They  show  at  any  rate  that  flies  will 
wander  along  a  river  such  as  the  Mpanga  a  mile. 

The  natives  nearest  the  Mpanga  fall  are  those  of  Harubale. 
There  was  no  question  of  flies  following  human  beings,  for  to 
reach  the  village  from  the  fall  one  is  compelled  to  make  a 
wide  detour. 

In  the  large  number  of  flies  I  examined  I  noticed  that  a 
few  had  limbs  missing,  but  in  such  a  way  that  it  was  evident 
they  were  not  flies  marked  by  me.  I  wai^  careful  not  to  count 
these.  In  a  few  doubtful  oases  where  I  was  inclined  to  discuss 
the  matter  with  my  "  dresser,"  who  always  helped  me,  he 
would  not  admit  of  any  doubt,  and  all  such  flies  were  rejected. 

When  I  reached  Bukarungu  I  carefully  examined  a  series 
of  1,088  flies  to  determine  what  proportion  had  lost  limbs  from 
casualty  or  disease.  I  found  that  in  one  a  fore-leg  was  gone ; 
in  six  a  mid-leg ;  in  four  a  hind-leg. 

In  every  case  but  one  the  whole  limb  was  absent,  so  that 
one  required  a  lens  to  clearly  make  out  the  stump  (in  the 
lemaining  case  the  limb  had  been  divided  through  the  tibia). 
One  or  more  tarsi  are  of  course  often,  pulled  of  in  manipulation. 

In  my  experiments  the  whole  of  the  femur  was  left,  so  that 
the  correction  for  flies  maimed  by  other  agency  than  mine  is 
so  small  as  to  be  negligible. 

It  is  evident  that  the  finding  of  flies  at  any  spot  need  not 
signify  that  their  breeding-places  are  near:  they  might  well 
be  some  hundred  yards  away. 

With  the  approval  of  the  Medical  Oflloer-in-Charge  1  pro- 
pose to  repeat  these  experiments  on  a  larger  scale  on  the 
Serai iki  River. 

Ahove  the  M'panga  Falls  I  found  no  f.y,  so  that  it  may  be 
argued  that  the  15  retaken  flies  had  merely  retvirnod  to  their 
breeding-places, 
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iUtJi  dd,  01  2 (  6  per  cent.,  were  retaken,  and  of  tlie  104  flies 
marked  on  the  12th  28,  or  26-9  per  cent.,'wez-e  retaken 

Discovery  of  Pupce  of  Glossina  palpalis  in  Natural 
Breeding-  Grounds. 

at^tZ'''nfi'''i''T^®''  Y'"^  ^^"^'^  29th  and  30th 

Thev  wpl?^  lialf-way  between  Harubale  and  Bukarungu. 

the  roT  r^'V  ^"^^^^  ^-o^^^i  beyond 

the  roots  of  cnltivated  bananas  on  a  bank  sloping  to  the  lake 
at  distance  from  the  water  varying  from  4  to  20  yards  Thev 
were  not  numerous  in  any  one  spot,  but  required  prolonged  and 
careful  search^  The  51  represent  the  labour  of  15  men  for 
ti-4  hours  on  the  30th  <one  only  was  found  on  the  29th)  One 
porter  found  14  pupas.  Empty  pupal  cases  were  found  in  the 
proportion  of  4-1  of  occupied  ones,  and  were  nearer  to,  in  some 
cases  perhaps  on  the  surface.  One  pupa  "  hatched  out "  in  a 
porter  s  hand  as  he  carried  it  to  my  camp. 

These  bananas  constitute  a  belt  varying  in  width  from  6-18 
yards  and  about  100  in  length.  They  are  backed  by  dense, 
woody  undergrowth,  which  extends  100-200  yards  back  from 
the  lake.  I  have  searched  for  pupre  in  this  undergrowth,  but 
up  to  the  present  without  success.  ■  I  am  engaged  in  further 
investigations.  Amongst  the  bananas  all  that  is  necessary  is 
to  gently  turn  over  or  rake  the  humus  with  the  fingers. 

I  have  since  found  pupa;  at  Harubale  amongst  bananas  close 
to  the  river  250  yards  above  the  ford,  and  again  at  Bukarungu 
m  bananas  from  5-40  yards  from  the  :vryamakoijo,  which  here 
runs  at  the  edge  of  swampy  forest. 

Under  a  shrub  {Allojihyllus)  were  found  39  occupied  and  106 
empty  pupa?  cases,  and  there  were  probably  many  more  as  the 
search  was  not  exhaustive.     A  dry  bank  shaded  by  the 
Allophijllus  and  creepers  which  had  spread  over  it,  covered  wdth 
vegetable  debris  and  permeated  near  the  surface  by  a  network 
of  rootlets,  formed  the  nursery  for  these  pupee.     The  majority 
of  the  living  ones  were  found  at  a  deeper  level  than  that  at 
which  I  had  sought  them  before.      If  one  found  empty  cases 
near  the  surface  and  prised  up  pieces  of  earth  with  a  finger, 
one  came  sometimes  on  a  nest  of  three  or  four  living  ones 
close  together.     On  the  10th,  after  a  search  in  many  parts  of 
the  woody  undergrowth  at  the  river  bank,  I  found  pupre  on  a 
steepish  slope  above  the  hippo-path,  and  seven  empty  cases. 
One  may  for  the  present  say  that  the  larvae  are  dropped  in 
shade,  it  may  be  of  shrubs,  it  may  be  of  bananas,  within  45 
yards  of  water,  on  banks  with  a  decided  slope  where  the  sur- 
face-soil is  loose  and  friable  and  partly  composed  of  vegefable 
debris.    The  slope  seems  essential.     The  natives  who  helped 
me  in  the  search  always  looked  for  a  bank. 
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Breeding  Grounds  and  Pitpce  of  Glossina  Palpalis* 

The  discovery  of  the  breeding  grounds  by  Dr.  Bagshawe  is 
most  interesting  and  may  prove  to  be  very  important  indeed 
in  dealing  with  the  fly  and  its  haunts.     If,  for  instance,  the 
breeding  grounds  should  prove  to  be  confined  to  definitely  cir- 
cumscribed areas  in  which  the  pupte  can  be  discovered  without 
very  great  difficulty,  or  if  these  localities  can  be  fairly  readily 
recognised  by  their  characteristic  physical  features  or  by  any 
other  means,  this  fact  would  be  likely  to  limit  to  a  consider- 
able extent  the  areas  necessary  to  be  dealt  with  by  clearing 
and  planting,  and  would  thus  reduce  the  expense  of  dealing 
with  such  areas.     If,  in  short,  we  could  attack  the  breeding 
places  m  the  same  way  as  we  do  those  of  the  mosquito,  our 
task  would  be  much  lightened  and  simplified.    If,  on  the  other 
band,  the  pupro  are  found  to  be  deposited  in  a  more  or  less 
Haphazard  way  along  suitable  foreshores,  we  shall  remain  in 
much  the  same  position  as  we  were  before,  and  must  hope  in 
clearing  the  natural  range  of  the  fly,  to  destroy  the  breeding 
places  at  the  same  time. 

The  fact  of  the  pupae  having  been  first  discovered  in  a 
banana  plantation  should  not  be  allowed  to  associate  these 
plants  unduly  with  breeding  places  in  the  minds  of  investi- 
gators. More  or  less  of  a  bank,  loose  earth  with  vegetable 
debris,  and  shade,  are  evidently  the  chief  requirements,  and 
tlie  fact  of  the  banana  plants  affording  the  last  will  probably 
prove  to  be  exceptional  in  most  localities. 

The  experiments  on  the  longshore  fiight  of  Glossina  palpalis 
are  most  interesting  and  ingenious,  and  give  valuable  infor- 
mation. The  imits  of  flight  along  shore  or  bank,  however, 
must  be  carefully  distinguished  from  the  flight  inland  or  across 
water,t  which  is  much  more  circumscribed.  It  must  be  taken 
tfiat  the  distances  of  flight  recorded  in  the  experiments  refer 
to  a  river  bank  along  which  there  was  practically  continuous 
shade  ^^oleared  spaces  have  been  found  to  form  breaks  in  the 
I  .   ° x'  'Y^^/'i^*^^^  experiments  are  needed  in  order  to 

tZ  'V^'^''^  ^^^^     necessary  to 

torm  an  eflicient  barrier  to  longshore  flight. 

The  experiments  show  how  important  it  will  be,  in  clearino- 
banks  and  foreshores  to  destroy  the  breeding  pkces  since  a 
cleared  foreshore,  if  flanked,  on  either  side  by  long  ^tretcnen 
of  shaded  foreshore,  will  probably  be  continually  fnvaded  by 
fresh  flies  as  often  as  ever  the  undergrowth  in  such  a  clearing 
as  allowed  to  make  any  headway.  They  also  point  to  hf 
manner  m  which  seasonal  variations  in  the  numbe?  of  flies  can 
occur  on  rivers  or  lake  shores  in  accordance  with  the  varying 

to  S  pTevJ  ^^'"^^ 


*  Note  by  Dr.  Hodges. 

t  That  is,  the  "  fly-range,"  a,8  understood  in  this  leport. 
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Apart  from  tho  ordinary  physical  conditions  necessary  to  a 
fly  area,  tlie  number  of  flies  infesting  any  given  spot  must 
depend  chiefly  on  food  supply  {e.g.,  native  markets  and  traffic, 
crocodile  or  hippopotamus  banks,  &c.),  and  when  such  places 
are  cleared  we  diminish  food  supply,  and  must  eventually  de- 
crease the  actual  number  of  flies.  Any  point  on  a  bank  or 
foreshore  at  which  human  or  vertebrate  blood  is  available  as  a 
food  supply  will  be  infested,  until  it  is  cleared,  by  flies  from 
any  or  every  breeding  place  within  the  limits  of  longshore 
flight,  and  not  separated  from  it  by  a  cleared  or  fly-free 
interval  of  sufficient  extent  to  form  a  barrier. 

II.   Segeegation  and  Treatment  by  ]Means  of  Atoxyl. 

In  this  appendix  I  include  copies  of  my  letter,  No  78/S.E.E., 
to  His  Excellency  the  Commissioner,  and  No.  81/S.S.E.  to 
yourself,  dated  October  20th  and  October  25th,  1906,  respec- 
tively, which  allude  to  His  Excellency  the  Commissioner's 
scheme  for  segregation  and  to  my  proposal  to  combine  with  it 
treatment  by  means  of  atoxyl. 

His  Excellency's  scheme  of  segregation  includes,  in  brief, 
besides  segregation  of  the  sick,  deportation  of  reputed  sound 
persons  from  a  zone  of  two  miles  from  the  lake  shore  from  all 
such  places  as  are  dangerous  or  such  as  it  is  impossible  or  un- 
necessary to  deal  with  by  clearing.  These  people  will  not  be 
compelled  to  live  at  any  particular  place  or  places,  but  must 
be  removed  to  fly-free  country,  and,  as  far  as  possible,  will  go 
to  the  inland  estates  of  those  chiefs  on  whose  lands  they  have 
previously  lived,  where  they  will  form,  it  is  hoped,  new  and 
healthy  settlements. 

Such  a  procedure  as  this,  it  seems  to  me,  is  the  only  one 
approaching  to  thoroughness  by  which  we  can  hope  to  check 
for  the  time  the  extensive  and  omnipresent  traffic  which  radi- 
ates from  the  lake  shore,  and  which  is  shown  in  the  above 
report  to  be  responsible  for  the  great  bulk  of  the  infection  in 
this  epidemic.  This  traffic,  which  shows  an  enterprise  most 
creditable  to  the  natives  concerned,  and  which,  apart  from 
sleeping  sickness,  would  be  of  the  greatest  use  in  developing 
the  country,  need  not,  it  is  hoped,  be  indefinitely  stopped  or 
even  greatly  curtailed,  but,  for  the  present,  it  is  imperatively 
necessary  to  check  it  as  far  as  possible,  especially  since,  so  far 
as  it  affects  the  food  supply  and  the  necessities  of  existence,  it 
is  nowhere  and  by  no  means  indispensable,  unless  it  may  be 
to  some  of  the  islands,  for  which  special  arrangements  can  be 
made  if  it  be  found  necessary. 

(Enclosure  1.) 

(No.  78/S.S.E.) 

Sir,  Entebbe,  October  20,  1906. 

I  iiAVF  tlie  honour  to  inform  you  that,  in  view  of  the 
success  recently  reported  from  Europe  in  the  use  of  atoxyl  as 
a  cure  for  sleeping  sickness,  and  of  the  hopeful  opinion  as 
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reg-ards  Its  curative  properties,  expressed  personally  by  iPro- 
fessor  Kocli,  the  distinguished  head  of  the  German  Sleeping 
Sickness  Commission,  I  consider  it  advisable,  although  no  cer- 
tain cures  can  be  scientifically  demonstrated  for  some  con- 
siderab  e  time,  and  possibly  for  some  years  yet,  that  measures 
should  be  taken  as  soon  as  possible  to  test  this  drug  on  a  large 
scale  among  the  natives  of  the  Uganda  Protectorate. 
For,  whatever  may  be  the  ultimate  result  as  regards  cure, 
^     T  P^tP^'^*'°^'  beneficial  and 

./r^  ^  ^''"^^^  trypanosomiasis,  besides  lessening 

the  risk  of  infection  by  banishing  the  trypanosome  from  the 
glands  and  peripteral  circulation,  so  that  such  cases  for  the 
^Trt"'"^  cannot  infect  the  fly  and  cease  to  be  a  danger  to 
the  community.  It  is  a  fact  also  that  atoxyl  is  a  less  poison- 
ous  preparation  of  arsenic  than  any  hitherto  known,  and  can, 
IZ:^'^  f  be  given  _m  larger  quantities,  is  safe  and  suit- 
able for  hypodermic  administration,  and  is  far  more  applicable 
for  generar  distribution  among  the  thousands  of  sick  natives 

^lotlZl"""        ^'^5  *°  ^'^^  ^'''S  which  has  pre- 

viously been  proposed  as  a  cure. 

JJT'^^'  only  is  it  justifiable  to  incur 

very  considerable  expenditure  in  giving  it  an  extensive  trial  a. 
a  curative  agent,  but  that  the  Measures  undertakeTfor  this 
end  may  be  so  ordered  as  to  assist  materially  in  carrying  out 
he  most  important  general  measure  which  is  at  present  open 
to  us,  namely,  segregation  of  the  sick,  which  His  Excellency 
has  now  m  contemplation.  -c^xceiiency 

I  would  suggest,  then,  that  a  central  camp  be  chosen  and 
prepared  m  advance  m  eac}i  important  county  or  district 
aflected  by  sleeping  sickness;  that  such  camps  be  situated  in 
fly-free  country,  ^of  which  the  Sleeping  Sickness  Extended  1^^ 
vestigations  have  shown  that  there  is  plenty  to  choose  from  in 
the  interior,  and  that  they  should  be  at  a  sufiicient  distSiJe 
outside  the  nearest  fly-range  to  minimise  both  the  expense 

lkin?ir  rffi^rf  ''^-'^        appearance  of  constraint,  by 
M      .  ^^"''^5  *T  irresponsible  and  demented  patients 
and  others  to  wander  back  into  the  infected  zone 

cair  bf  ot  n  7f  ^^^^^^^^^        «^^l*^rs  at  these 

-1       *^°^Pf  ary  nature,  so  that  a  camp  could  be 
shifted  easily  and  without  much  expense  if  necessity  arose  as 
.or  instance    the  outbreak  of  some  other  epidemi  such  's 
small-pox,  the  occurrence  of  insanitary  condition^  or  the  in 
sufl5ciency  of  food  or  water.  umuna  or  tne  m- 

Since  there  is  plenty  of  safe  country  from  which  to  chnn.a 
he  selection  of  sites  need  only  primarily  depend  on  medS 
and  hygienic  conditions  and  their  exact  locat  on  wox^ld  be  de 
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Biisoga,  the  neighbourhood  of  Masindi  (for  TJnyoro),  the  neigh- 
bourhood of  Fatiko  (for  Nile  Province),  and  the  centre  of 
Buvuma  for  the  Northern  Group  of  Islands,  this  last  being 
necessary  if  we  are  to  avoid  an  inrush  of  islanders,  of  whom  a 
very  large  number  (perhaps  80  per  cent.)  are  already  infected, 
into  the  less  highly  infected  mainland. 

The  Oerman  Sleeping  Sickness  Commission  has  already  its 
camp  established  in  the  Sese  Oroup,  and  will  probably  be  able 
to  serve  that  district  for  the  present  as  regards  treatment.  The 
duration  of  its  stay  is,  however,  unknown,  and  in  any  case 
its  camp  cannot  serve  the  purpose  of  segregation,  so  that  later 
on  au  additional  camp  will  be  needed  for  the  Sese  Islands. 

The  construction  and  management  of  these  camps  would  be 
adapted  to  segregation,  and  they  could  ultimately  become 
villages  or  settlements  rather  than  camps.  The  question  of 
food  will  be  an  important  one  to  be  considered,  especially  in 
fixing  sites,  but  as  a  general  rule  Government  could  only 
supply  free  food  to  such  patients  as  are  helpless  and  without 
friends. 

I  feel  sure  that  if  their  proposed  use  for  atoxyl  treatment 
were  published  among  the  natives,  such  camps  would  have 
great  attractions  for  all  those  sick  people  along  the  fly-infested 
lake  shores  and  river  banks  whom  we  wish  to  segregate  and 
wovild  form  the  safest  means  of  segregation  at  our  disposal, 
since  all  will  probably  be  anxious  to  avail  themselves  of  the 
new  medicine,  of  the  comparative  sxiccess  of  which  many  of 
them  have  already  heard  rumours. 

I  do  not  propose  that  the  atoxyl  treatment  be  carried  out  on 
the  lines  of  strict  scientific  experiment  and  investigation  at 
more  than  one  of  these  camps,  since  for  this  a  much  larger 
increase  of  staff  would  be  required  than  is  here  contemplated, 
but  it  would  be  necessary  to  have  one  experimental  camp, 
which  would  probably  be  the  one  in  North  Busiro.  This  would 
be  started  first,  and,  as  soon  afterwards  as  the  necessary  staff 
becomes  available,  camps  for  atoxyl  treatment  and  segregation 
might  be  opened  in  the  following  order: — ITnyoro,  Usoga, 
Buvuma,  Chagwe,  Kiadonda,  Buddu  or  Mawakota,  and  the 
Nile  Province.  This  last  would  probably  be  for  treatment 
only,  since  it  is  doubtful  if  segregation  would  be  possible  there. 

In  all  I  have  recommended  nine  camps  or  centres,  including 
that  which  will  eventually  be  required  for  Sese.  In  order  to 
place  all  these  in  working  condition  I  estimate  that  an  increase 
of  at  least  five  temporary  Medical  Officers  will  be  required, 
and,  in  view  of  the  fact  that  this  work,  if  undertaken,  should 
be  commenced  as  soon  as  possible,  and  carried  on  without 
break  or  hindrance,  and  that  three  of  the  Medical  Officers  at 
present  engaged  in  the  Sleeping  Sickness  Extended  Investiga- 
tions will  be  due  for  six  months'  leave  in  April  and  May  next, 
I  consider  it  necessary  that  the  services  of  these  extra  Medical 
Officers  should  be  available  in  Uganda  by  April,  1907,  at  the 
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latest.  In  making  tliis  estimat^e  I  allow  two  Medical  Officers 
for  the  Investigation  Camp  and  one  eacli  for  the  eight  Treat- 
ment Camps,  as  I  consider  that,  for  treatment  only,  not  more 
than  one  European  will  be  required  to  take  charge  of  a  camp. 
This  stafl:  of  Europeans,  if  kept  at  constant  strength,  con- 
stitutes the  minimum  which  will  be  needed  for  the  efficient 
carrying  out  of  the  medical  work  proposed.  It  is  impossible 
to  say,  until  the  details  of  the  administration  of  these  camps 
can  be  worked  out,  whether  the  Medical  Officers  in  charge 
will  be  able  unaided  to  undertake  it  in  addition  to  their 
other  duties. 

_  A  subordinate  staff,  consisting  of  one  hospital  assistant  and 
eight  compounders  (Indians)  (see  Note  3),  will  be  needed,  the 
hrst  for  the  Investigation  Camp  and  the  others  for  the  Treat- 
ment Camps,  at  each  of  which  the  Medical  Officer  will  require 
an  assistant  who  can  read  and  write  and  help  both  in  the  care 
of  cases  and  in  the  keeping  of  records.  Whatever  treatment 
might  be  adopted  and  whenever  its  use  may  be  undertaken, 
arrangements  very  similar  to  the  above  would,  in  my  opinion, 
be  inevitable.  The  scheme  of  segregation  now  in  contempla- 
tion by  His  Excellency  needs  such  arrangements  and  appears 
to  me  altogether  advantageous  for  the  purpose  of  treatment  on 
an  extensive  scale. 

On  account  of  the  many  thousands  of  the  sick  and  of  the 
vast  area  over  which  the  disease  is  spread  it  would  be  essential, 
under  any  circumstances,  to  have  at  least  as  many  centres  of 
operation  as  I  now  propose,  while  it  would  be  equally  neces- 
sary to  fix  them  outside  the  fly-range,  since  any  concentration 
of  persons  for  whatever  purpose  within  the  infected  area  would 
lead  to  disastrous  results  in  the  further  spread  of  the  disease. 

In  such  camps  as  I  have  named  there  would  be  no  danger 
whatever  of  infection  to  the  Medical  Officers  and  attendant 
staff,  nor,  indeed,  to  any  non-infected  person;  and  for  this 
reason  there  is  no  need  to  choose  sites  far  removed  from  centres 
of  population  and  cultivation,  so  long  as  these  are  free  from 
(rlosstna  palpalis.  It  will,  on  the  contrary,  generally  be  ad- 
vantageous to  be  near  such  centres,  on  account  of  the  facilities 
they  offer  for  obtaining  a  plentiful  supply  of  food  and  other 
necessaries  for  the  sick  people. 

I  have,  &c., 

Aubrey  D.  P.  Hodges, 

Medical  Officer  in  Charge. 
Sleeping  Sickness  Extended  Investigations. 
NoTE.-November  18,  1906.    Nine  hospital  assistants  would 
be  much  better  and  more  useful  if  they  can  be  obtained  I 
calculate   with  reference  to  European  staff,  that  two  Euro- 
pean Medical  Officers  should,  if  possible,  be  retained  for  the 
present  on  travelling  investigation  to  complete  the  enquiries 
ltd  ^^''^^      enquiry  is  com- 
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(Enclosure  2.) 

{No.  Sl/S.S.E.) 

Sm,  Entebbe,  October  25,  1906. 

I  HAVE  tlio  bonour  to  inform  you  that,  His  Excellency 
the  Commissioner  of  the  Uganda  Protectorate  Laving  taken  up 
the  scheme  of  segregation  of  the  sick  for  the  prevention  of  the 
spread  of  sleeping  sickness,  it  seems  to  me  that  the  same  ar- 
rangements which  will  be  required  for  applying  this  may  be 
most  advantageously  used  for  an  extensive  trial  of  the  atoxyl 
treatment,  of  the  success  of  which  there  have  been  reports  both 
from  Europe  and  from  the  German  Sleeping  Sickness  Com- 
mission. 

I  have  therefore  sent  to  His  Excellency  a  proposal,  a  copy  of 
which  is  enclosed  (No.  78/S.S.E.  of  October  20th/0G),  for  these 
two  measures  to  be  carried  out  conjointly. 

You  will  see  that  a  considerable  increase  of  the  staff  of  the 
Sleeping  Sickness  Extended  Investigation  will  be  needed  for 
the  i&egregation  camps,  but  I  do  not  think  that  the  use  of  the 
atoxyl  treatment  will,  apart  from  the  segregation  scheme, 
lead  to  any  serious  expense  beyond  that  for  the  purchase  of 
the  drug  and  a  few  necessary  appliances. 

You  will  see  also  that  a  large  quantity  of  atoxyl  will  be 
required,  since  the  patients  at  each  camp  will  probably  num- 
ber thousands,  and  I  consider  it  most  important  to  obtain  a 
good  supply  immediately,  so  that  the  tAvo  measures  can  be 
combined  as  nearly  as  possible  from  the  start,  and  that  they 
may  be  begun  while  the  natives  are  still  in  the  enthusiastic 
humour  in  which  they  appear  to  be  now  of  presenting  them- 
selves eagerly  for  this  treatment. 

******* 

I  have,  &c., 

Aubrey  D.  P.  Hodges, 

Medical  Officer  in  Charge, 
Sleeping  Sickness  Extended  Investigations. 

To  the  Principal  Medical  Officer. 

III.    Instructions  to  Medical  Officers  engaged  in 
THE  Extended  Sleeping  Sickness  Investigations. 

February  20,  1900. 

The  initial  steps  to  be  taken  in  this  investigation  will  be  the 
minute  study  of  the  distribution  and  habits  of  Glossina 
'palyalis  and  of  the  areas  which  have  become,  or  are  likely  to 
become,  infected  with  sleeping  sickness. 

By  these  studies,  caref  ally  carried  out,  an  exact  knowledge 
should  be  gained  as  to  the  co-existence  or  otherwise  of  the 
disease  with  this  particular  fly  and,  therewith,  sufficient  data 
to  determine  the  possibilitj'  of  the  existence  of  other  means  of 


00 


dissemination.  Valuable  information  should  also  be  acquired 
as  to  the  probable  directions  in  which  the  epidemic  may  in 
future  spread,  as  to  the  likelihood  of  small  or  large  outbreaks 
occurring  m  different  localities  and  as  to  what,  if  any,  general 
hygienic  or  administrative  measures  would  be  likely  to  be 
successful  in  preventing  its  extension. 

Special  attention  should  be  given  to  the  feasibility  of  local 
segregation  of  the  sick  from  fly-infested  villages  or  circum- 
scribed fly-areas  by  the  natives  themselves,  since  there  is  reason 
to  hope  that  in  many  cases  this  could  be  done  through  the  local 
chiefs  with  little  trouble  or  expense  and  without  incurring  the 
opposition,  sentimental  or  otherwise,  of  the  natives. 

By  the  use  of  tact  in  the  inspection  and  examination  of 
natives  and  by  giving  them  medical  treatment  for  their 
ordinary  ailments,  their  confidence  should  be  so  far  gained 
that  later  on  systematic  blood  and  gland  examinations  and 
special  systems  of  treatment  for  sleeping  sickness  may  be 
carried  out  among  them  with  much  greater  chance  of  complete- 
ness and  experimental  success  than  could  be  hoped  for  at 
present. 

The  following  paragraphs  explain  in  detail  what  is  included 
m  the  measures  indicated  above,  and  contain  information 
relating  to  methods  of  investigation,  &c. 

1.  The  term  fly-belt  has  as  yet  no  exact  meaning,  and  should 
not  therefore  be  used  in  descriptions  or  on  maps.  Glossina 
■palpaUs  is  known  to  frequent  localities  near  the  water  where 
there  is  shade.      It  is  probable  that  there  must  be  some, 
however  little,  o'pen  water  in  these  localities  and  some  con- 
formation, such  as  rocks,  shelving  beach,  cliffs  or  high  banks, 
which  ensures  a  moderate  dryness  for  a  great  part  of  the 
year,  and  it  would  seem  that  wide  belts  of  swamp-vegetation, 
such  as  papyrus,  behind  which  is  no  open  water,  though  often 
plenty  of  shade,  are  inimical  to  its  presence.     All  these  last 
points  require  confirmation.      The  localities  infested  by  the 
fly,  called  herein  fly-areas,  vary  much  in  extent.    They  may  be 
quite  small,  circumscribed  and  isolated,  or  many  such  areas 
may  form  more  or  less  continuous  chains  for  considerable  dis- 
tances along  the  borders  of  lakes  or  rivers.     It  is  important 
that  the  limits  of  these  areas  or  groups  of  areas  should  be 
accurately  ascertained  before  any  general  measures  such  as 
^  local  segregation  can  be  can-ied  out.     Also,  the  fly  is  known 
to  follow  water-carriers  and  others  for  some  hundreds  of  yards. 
It  is  necessary  to  determine  how  far  from  their  usual  haunts 
flies  will  travel  in  this  way,  how  far  they  may  wander  under 
other  circumstances,  and,  especially,  how  far  from  water  their 
haunts  or  areas  may  be  situated.     Thus  specimens  for  identi- 
fication should  always  be  obtained  and  sent  in  in  case  tsetse 
are  met  with  at  any  considerable  distance  from  water,  since 
some  species,  notably /r/om'm  momtem,  are  frequently  so  found, 
and  it  is  probable  that  in  many  instances  in  which  the  presence 
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of  tsetse  has  been  reported  at  a  distance  from  water  the  species 
was  some  other  than  pa^Jcdis.  During  recent  investigations 
m  Unyoro  and  the  Nile  Province  the  fly-areas  were  always 
found  to  be  close  to  water  and  circumscribed.  On  appror.ch- 
ing  such  an  area  a  fly  was  seldom  seen  much  more  than  50 
yards  from  the  water,  though  on  leaving  it  they  were  some- 
times observed  to  follow  for  a  distance  which  never  exceeded 
i^OO  yards.  Tsetses  which  were  caught  at  a  greater  distance 
from  water  than  this  were  invariably  G.  morsitans. 

2.  The  fly  -areas,  then,  should  be  carefully  mapped  out  and 
the  physical  conditions  prevailing  in  each  as  regards  shade, 
rocks,  cliffs,  distance  from  open  water,  stream,  swamp,  &c., 
should  be  noted,  compared  and  tabulated  for  report;  and  the 
fly-range,  or  distance  which  it  may  wander  from  its  actual 
haunts,  should  be  determined. 

3.  With  the  appearance  of  G.  palpalis  medical  ofiicers  are 
familiar.  In  its  flight  and  manner  of  settling  it  resembles 
other  tsetse  flies.  The  former  is  rapid  and  direct  and  it  settles 
abruptly,  as  a  pellet  of  mud  sticks  when  thrown  against  a  wall, 
yet  so  gently  that  it  is  scarcely  felt.  There  is  no  hovering 
and  little  or  no  movement  from  the  point  of  settling  before  it 
bites  or  is  driven  off.  Its  buzz  is  a  continuous  note  broken 
only  when  it  alights. 

4.  All  the  habits  of  the  fly  should  be  carefully  observed,  its 
numbers  in  the  various  fly-areas  and  its  local  distribution, 
especially  as  regards  the  proportion  of  males  to  females.  In 
localities  in  which  this  proportion  has  been  studied  the  males 
have  been  found  to  preponderate  largely,  and  this  fact  may  be 
connected  with  its  breeding-habits.  AVhenever  wandering  or 
following  flies  such  as  have  been  alluded  to  above  are  taken, 
the  sex  should  always  be  determined. 

5.  The  hours  of  the  day  during  which  G.  paljjalis  is  active 
are  not  yet  accurately  known.  In  some  places  and  at  some 
seasons,  at  any  rate,  it  does  not  begin  to  attack  till  the  sun 
is  well  up,  it  is  rarely  seen  after  5  p.m.,  and  it  is  met  with  in 
greater  numbers  on  bright  sunny  days,  whereas  G.  morsitans 
may  attack  fiercely  before  daybreak,  is  often  most  voracious 
about  sundown,  and  has  been  said  to  prefer  dull  weather. 

6.  Investigations  should  be  made  as  to  the  natural  food  of 
G.  p^alvcdis — whether  A^egetable  juices  form  a  part  of  it  and 
what  animals  besides  man  it  habitually  attacks,  especially 
water  or  water-side  mammals,  birds  and  reptiles,  of  which 
blood-smears  should  be  obtained  whenever  possible.  Some  of 
these  should  be  examined  fresh',  and  others  dried  and  sent  in 
for  examination.  Observations  as  to  feeding  {e.g.,  on  crocodiles 
or  hippopotami)  could  sometimes  be  made  with  the  aid  of 
binoculars. 

7.  .Special  efforts  should  be  made  to  discover  breeding-places 
and  where  larvae  and  pupte  are  deposited  and  concealed. 
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.  Medical  Officers  are  recoiuiueiided  to  search  cracks  and  crevices 
.  iu  rocks,  dry  earth,  dead  wood  aud  the  bark  of  trees.  Sand 
and  loose  earth  and  grass  or  other  vegetation  should  also  be 
examined.     Pupte  are  perhaps  more  likely  to  be  found  some- 
where above  the  high-water  mark  of  rivers,  &c. 

S.  Little  is  known  as  to  the  seasonal  absence  or  variations 
in  numbers  of  the  fly  in  a  given  locality.  This  should  be 
studied.  In  some  cases  information  on  this  head  may  possibly 
be  gained  from  natives,  but  very  often  the  fly  is  barely 
known  to  them.  Where  there  is  a  local  name  for  it,  this 
should  be  recorded.  Among  the  Baganda  it  is  called  Mvu 
(plural  5*'t7ii)  and  among  the  Bachopi  in  N.  Unyoro  it  is  known 
as  mcdingwa,  these  names  probably  including  all  tsetse  flies. 
Others,  such  as  the  Bauyoro  and  the  Nile  tribes,  have  names 
which  include  all  biting  flies,  varying  only  with  the  size  of 
the  insect. 

9.  Specimens  from  each  fly-area,  male  and  female,  should  be 
collected  and  sent  in  as  soon  as  possible  after  capture  for  identi- 
fication.. Males  may  be  distinguished  by  the  oval  protuber- 
ance on  the  ventral  aspect  of  the  hinder  end  of  the  abdomen, 
which  is  placed  longitudinally.  Each  fly  or  set  of  flies  must 
be  clearly  labelled  with  the  date  and  locality  of  capture  and 
the  approximate  distance  from  water  {e.g.,  close,  50  yards, 
200  yards,  &c.).  In  the  case  of  flies  caught  in  the  early  morn- 
ing or  late  evening,  the  hour  of  capture  should  be  added. 

10.  The  surest  method  of  capture  is  to  wait  quietly  near  the 
water's  edge  (or  wherever  the  fly  has  been  seen  or  heard)  either 
in  the  shade  or  in  a  small  open  space.  It  is  well  to  have  one 
or  more  natives  waiting  in  front  of  the  observer.  It  may  be 
necessary  to  wait  for  half  an  hour  to  an  hour  or  even  a  little 
longer  before  one  is  caught,  though  with  a  little  practice  its 
presence  may  be  detected  long  before  this  by  its  buzz  or  its 
peculiar  manner  of  settling.  It  will  more  readily  settle  on 
the  lee  side  of  its  victim  and  on  the  shaded  parts,  such  as 
under  the  chin  in  man  or  behind  the  knee  in  the  sitting  pos- 
ture, and  on  the  under  parts  of  animals.  It  would  be  well 
to_  determine  whether  it  can  bite  through  clothes,  for  it  cer- 
tainly attempts  it. 

11.  The  greatest  care  should  be  taken  in  drying  and  packing 
flies,  as,  if  they  cannot  be  identified,  this  may  entail  in  some 
cases  serious  waste  of  time  and  labour  in  going  over  the  same 
ground  a  second  time. 

Specimens  should  be  packed  in  glass  tubes,  but,  if  the  supply 
of  these  should  fail,  pill  boxes  may  be  used.  In  either  case 
sufficient  tissue  paper  should  be  inserted  to  prevent  damage  to 
the  flies  by  shaking.  To  prevent  mould  it  is  a  good  plan 
before  packing  to  dip  them  in  1  in  40  carbolic  and  then  to  dry 
them  quickly  in  the  sun  on  blotting-paper,  taking  care  that 
they  are  not  carried  off  meanwhile  by  ants,  &c.     The  tube, 
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also  sliould  be  sterile  and  tfioroughly  dry,  and  gorged  flies 
sJiould  not  be  packed  with  otliers,  as  they  would  probably  put- 
rily  and  spoil  the  whole  consignment. 

12.  Other  biting  insects  should  also  be  collected.  Flies  may 
be  packed  as  above,  but  not  in  the  same  tubes  or  boxes  with 
tsetses  Ticks,  &c.,  should  be  placed  in  2i  per  cent,  formalin 
or  weak  spirit.  Any  observations  on  biting  insects  which 
may  bear  on  the  present  investigations  should  be  embodied  in 
the  reports. 

13.  Fresh  ungorged  flies  should  be  examined  microscopically 
to  determine  whether  they  carry  trypanosomes  and,  if  so,  in 
what  percentage  of  captures.  This  should  be  done  both  in 
infected  and  in  apparently  non-infected  fly-areas,  and  the 
method  recently  employed  by  Dr.  Koch  of  squeezing  out  the 
contents  of  the  proboscis  on  to  a  slide  should  be  adopted,  as 
well  as  examination  of  the  abdominal  contents. 

Should  trypanosomes  be  found  in  this  way  dry  preparations 
should  be  made,  not  only  from  the  proboscis  but  also  from  the 
alimentary  tract,  and  sent  in  for  examination,  to  determine  if 
possible  the  nature  of  the  trypanosomes  present. 

14.  Freshly  gprged  flies  should  be  captured  and  examined  to 
determine  the  kind  of  blood  (mammal,  bird  or  reptile)  on  which 
they  have  fed,  and  from  these  also  dried  films  should  be  sent  in. 

15.  Two  of  the  most  important  questions  at  the  present 
stage  of  the  investigation  of  sleeping  sickness  are,  that  of  the 
occurrence  of  a  cycle  of  development  of  the  trypanosome  in 
G.  palpalis  and  that  relating  to  whether  the  trypanosome  of 
sleeping  sickness  can  be  carried  by  other  species  of  tsetse  flies. 
Any  observations  or  experiments  which  medical  officers  may 
be  able  to  make,  or  any  material  they  may  be  able  to  send 
in  which  might  assist  enquiry  on  these  heads  may  prove  to  be 
of  the  greatest  value. 

Another  question  which  may  prove  to  be  of  importance  is 
that  of  the  relative  infectivity  of  male  and  female  flies.  On 
this  point  it  will  be  more  difficult  to  carry  out  any  research, 
but  any  information  bearing  on  it  will  be  of  great  interest. 

16.  Maps  will  be  supplied,  which  should  be  amplified  and 
and  corrected  where  necessary,  with  the  aid  of  local  officials 
of  the  administration,  who  will  be  able  to  assist  in  fixing  the 
location  and  in  the  naming  of  villages,  streams,  &c.  On  these 
maps  the  extent  and  position  of  the  various  fly-areas  and  of 
sleeping  sickness  epidemics  will  be  indicated  as  exactly  as 
possible,  the  former  by  red  and  the  latter  by  black  dots. 

17.  Local  epidemics  of  sleeping  sickness  are  to  be  enquired 
into,  mapped  and  reported  on  with  respect  to  origin,  imported 
and  local  infection,  number  and  proportion  of  persons  attacked, 
the  relation  to  fly-areas,  the  nature  and  frequency  of  commu- 
nication with  neighbouring  fly-areas,  the  occupations  of  the 
natives,  the  probabilities  of  the  spread  of  infection  as  regards 
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direction  and  tlie  possibilities  of  large  or  small  outbreaks  re- 
sulting in  various  districts. 

Eecent  epidejnics  or  recently  infected  villages  will  demand' 
most  careful  study,  especially  as  regards  origin  and  the  trans- 
mission of  infection  to  or  from  surrounding  fly-areas. 

A  numerical  record  should  be  kept  of  the  sick  in  epidemic 
areas,  distinction  being  made  between  imported  and  locally 
infected  cases  and  between  the  stages  of  the  disease  in  which 
cases  are  found  at  the  time  of  investigation. 

^^epi^g  sickness  occurring  in  persons  (especi- 
ally children)  alleged  or  supposed  never  to  have  visited  an 
ep:demic  or  infected  fly-area  should  be  examined  and  enquired 
into  with  the  utmost  care  and  reported  fully  by  name. 

19.  Special  investigations  should  be  made  as  to  how  far  it 
might  be  practicable,  in  each  epidemic  area,  by  removino-  huts 
or  villages  for  a  short  distance  (e.g.,  from  a  river-bank  to  the 
next  hill-side)  to  place  them  outside  the  fly-area,  and  also,  by 
supplying  the  sick  with  water  and  perhaps  other  necessaries 
obtained  withii:  the  fly-area,  to  keep  them  from  contact  with 
the  fly. 

Such  measures  would  greatly  reduce  the  risk  of  infection 
wherever  they  could  be  carried  out,  for,  although  the  appar- 
ently sick  form  only  a  proportion  of  those  actually  infected, 
tJiey  aflord  immensely  greater  opportunities  to  the  fly,  and 
further,  it  has  been  suggested  recently  by  Koch  that  probably 
only  advanced  cases  are  able  to  infect  the  fly. 

20.  Examination  of  the  lymphatic  glands  should  be  systema- 
tically carried  out  both  in  populations  living  in  connection 
with  infected  fly-areas  and  in  those  living  entirely  outside  such 
areas.  It  should  be  remembered  that  in  sleeping  sickness  the 
enlarged  glands  are  soft  to  the  feel,  somewhat  like  a  ripe 
damson,  and  are  not  hard  and  shottjjr. 

21  Examination  for  trypanosomes  by  gland  puncture 
should  be  made  where  feasible,  but  medical  ofiicers  should  pro- 
ceed with  caution  in  this  matter  till  they  have  gained  the 
confidence  of  the  natives  <see  paragraph  23).  One  dozen  spare 
needles  will  be  supplied  with  each  hypodermic  syringe,  so 
that  a  separate  one  can  be  used  for  each  puncture,  the  needles 
used  being  afterwards  sterilized  by  boiling. 

A  good  method  of  procedure  for  the  operation  is  as  follows  •  — 
Draw  into  the_  syringe  a  little  1  per  cent,  citrate  of  potash 
solution  and  eject  it  again,  leaving  the  inside  of  the  syringe 
and  needle  moist ;  then  puncture  the  gland,  move  the  neecfle 
about  slightly  m  the  gland,  draw  out  the  piston,  disconnect  the 
syringe  from  the  needle,  withdraw  the  needle,  attach  the 
syringe  again  and  blow  out  the  contents  of  the  needle  on  to  a 
slide.     A  thoroughly  clean  slide  and  coverslip  are  essential. 

22  It  is  most  important  to  enlist  the  sympathy  and  interest 
of  chiefs  and  other  natives  of  influence.     Opportunity  should 
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be  taken  to  acquaint  them  with  tlie  appearance  and  habits  of 
G.  yalpoLis,  and  specimens  should  be  shown  in  order  to  test 
or  aid  their  knowledge  of  them.  The  connection  between  the 
fly  and  sleeping  sickness  should  be  explained, — how  the  one  is 
probably  powerless  to  spread  the  disease  without  the  other,  and 
how  important  it  is  to  remove  huts  and  villages  from  within 
the  actual  fly-areas  and  to  prevent  the  sick  from  remaining  in 
or  even  visiting  such  areas,  wherever  such  measures  appear  pos- 
sible. Special  stress  should  be  laid  on  the  fact  that  the  fly  is 
harmless  unless  it  can  bite  the  sick.  It  is  important  also  to 
explain  to  them  the  intentions  of  the  Government,  which  wishes 
to  prevent  disease  and  to  see  the  natives  numerous  and  well-off, 
and  a  point  might  be  made  of  the  large  sums  of  money  being 
spent  for  these  objects.  As  the  native  immediately  seeks 
a  motive  to  explain  any  action  which  he  cannot  understand, 
and  as  he  has  great  difficulty  in  understanding  that  Europeans 
(or  others)  would  do  him  a  good  turn  for  nothing,  that  is, 
without  some  immediate  selfish  end  in  view,  investigators 
may,  unless  care  be  taken  to  explain,  just  as  likely  be  credited 
with  the  intention  to  spread,  as  with  the  desire  to  prevent, 
sleeping  sickness.  Any  misunderstanding  of  this  natiire  even 
in  one  district  would  be  likely  seriously  to  affect  the  whole 
field  of  enquiry,  and  cannot  be  too  carefully  guarded  against. 

23.  Every  effort  should  be  made  from  the  outset  to  conciliate 
and  gain  the  confidence  of  the  natives,  who  should  be  dealt 
with  as  far  as  possible  through  their  local  chiefs.  Methods  of 
observation  such  as  gland-puncture  should  be  used  at  first  with 
catition  and  discretion,  and  in  no  case  arbitrarily  or  without 
permission.  But  an  attempt  should  be  made  to  accustom  the 
people  gradually  to  such  proceedings,  so  that  later  on  their  use 
may  become  more  generally  applicable  and  so  of  greater 
scientific  value. 

A  patient  attending  for  treatment  of  an  ordinary  ailment, 
for  example,  might  readily  submit  to  gland-puncture,  whereas 
a  person  casually  encountered  in  a  village  might  strongly 
object.  Again,  though  the  glands  in  the  neck  are  the  most 
generally  adapted  for  puncture,  yet  sometimes  a  patient  who 
objects  to  puncture  in  the  neck,  an  operation  which  he  cannot 
see,  will  offer  no  objection  to  puncture  of  his  supracondyloid 
glands,  a  process  he  can  watch,  and,  since  these  glands  are 
quite  frequently  enlarged  in  sleeping  sickness,  and  yield  try- 
panosomes  when  punctured,  advantage  might  be  taken  of  this 
fact. 

24.  The  use  of  rewards  or  gratuities  should  be  avoided  as  a 
rule,  and  it  will  be  found  less  expensive  in  the  long  run,  as 
well  as  more  advantageous,  to  use  them  in  the  case  of  volun- 
tary interpreters  or  guides  who  may  have  gone  out  of  then- 
way  to  give  information  and  assistance  rather  than  to  actual 
patients.  It  may,  however,  sometimes  be  required  to  reward 
patients  as  being  the  first  to  come  in  or  to  submit  to  operation 
or  examination,  or  the  price  of  food  may  have  to  be  supplied 
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to  such  as  come  from  a  distance  and  are  kept  for  a  short  time 
under  observation.  A  supply  of  pice  should  bo  carried  for 
these  purposes. 

25.  All  provisions  and  commodities  obtained  locally  from 
natives  should  be  paid  for  at  the  local  rates. 

26.  All  expenses,  including  transport,  are  chargeable  to  a 
special  fund  under  the  head  "Special  Expenditure,  Sleeping 
Sickness,"  and  money  can  be  drawn  from  Collectors  locally  by 
vouchers  under  this  head.  Exact  accounts  of  all  items  are  to 
be  kept,  and  cash-books  will  be  provided.  It  will  be  under- 
stood that  strict  economy  is  to  be  used. 

27.  Medical  officers  should  seek  the  co-operation  of  officials 
of  the  administration  and  avail  themselves  to  the  utmost  of 
their  local  knowledge  and  experience  of  the  natives.  Their 
advice  or  assistance  with  reference  to  such  matters  as  roads, 
maps,  guides,  interpreters,  local  prices  of  native  food,  local 
native  prejudices,  occupations  and  methods  of  communication 
should  be  of  great  help  in  conducting  the  investigations. 

28.  It  has  been  arranged  that  interpreters  for  the  local  dia- 
lects or  languages  will  be  supplied  wherever  possible  by  the 
local  administrative  officials.  This  is  of  the  first  importance 
both  for  facilitating  the  work  and  for  gaining  the  confidence  of 
the  natives.  Different  interpreters  may  be  required  or  be 
available  for  diiferent  parts  of  the  same  province. 

29.  Medical  Officers  shoiild  pitch  their  camps  outside  of 
actual  fly-areas.  In  so  doing  they  will  find,  as  a  rule,  no  diffi- 
culty in  keeping  in  close  touch  with  the  investigation  they  have 
in  hand. 

30.  Eeports  are  to  be  forwarded,  as  soon  as  possible  after  the 
end  of  each  month,  to  the  Medical  Officer-in-Charge  of  the  Ex- 
tended Sleeping  Sickness  Investigations,  Entebbe. 

These  reports  should  describe  the  movements  of  the  Medical 
Officer  during  the  month  and  the  observations  and  investiga- 
tions made.  They  should  also  show  the  whereabouts  of  the 
Medical  Officer  at  the  time  of  writing  and  indicate  the  probable 
cause  of  his  movements  during  the  ensuing  month,  and  they 
should  include  a  statement  of  cash  account. 

In  reporting  their  investigations,  Medical  Officers  should  fol- 
low in  substance  the  exact  order  of  the  paragraphs  in  these 
instructions,  using  the  corresponding  numbers.  But,  although 
it  is  intended  that  the  lines  and  methods  of  investigation 
indicated  in  them  should  be  uniformly  followed,  there  is  no 
intention  to  limit  in  any  way  the  field  of  research.  It  is 
hoped,  on  the  other  hand,  that  the  accumulation  of  fresh  facts 
and  observations  may  serve  to  direct  and  guide  the  course  of 
future  enquiry  and  may  lead  to  new  and  improved  methods. 

Any  new  fact  or  discovery  bearing  on  the  investigation  of 
sleeping  sickness  should  be  reported  immediately  and 
separately. 
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fli  ;  I  V^^'^""  *^f*  ^""'^  ^^^^c^'l  officer  Bliall  receive 

the  credit  due  for  his  own  observations  and  discoveries,  but  the 
pubhcation  of  any  matter  directly  or  indirectly  connected  with 
the  investigations  cannot  be  permitted  without  previous  sub- 
mission of  It  to  the  Medical  Officer-in-Charge  for  his  approval. 

Note.— Further  instructions  with  regard  to  paragraph  26 
will  be  issued  as  soon  as  the  details  are  arranged. 

Aubrey  D.  P.  Hodges, 

Medical  Officer  in  Charge, 
Sleeping  Sickness  Extended  Investigations. 


24.  REPORT  ON  THE  SLEEPING  SICKNESS 
CAMPS,  UOANDA,  from  December,  1906,  to 
November,  1907. 

By  Captain  A.  C.  H.  Gray,  R.A.M.C,  Medical  Officer  in 
Charge  of  the  Sleeping  Sickness  Extended  Investigations. 

Intkoduction.— Despatch  from  His  Majesty's  Commis- 
sioner, H.  Hesketii  Bell,  G.M.G.,  to  the  Secretary 
of  State. 

Government  House,  Uganda, 

December  9,  1907. 

My  Lord, 

I  HAVE  the  honour  to  submit  a  short  report  showing 
what  progress  has  been  made,  so  far,  in  carrying  out  the  pro- 
posals, indicated  in  my  despatch.  No.  218,  of  23rd  November, 
1906,  for  dealing  with  sleeping  sickness  in  Uganda.  Eor 
facility  of  reference,  a  copy  of  the  despatch  quoted  is  annexed. 

2.  It  will  be  remembered  that,  with  the  concurrence  of  my 
medical  advisers,  I  recommended  that  the  whole  population  of 
the  fly-infested  shores  of  the  Victoria  Nyanza  should  be  moved 
inland  to  fly-free  areas,  and  that  all  persons  found  suffering 
from  sleeping  sickness  ishould  be  interned  in  "segregation 
camps  "  where  they  would  be  medically  treated.  The  use  of 
atoxyl  was  to  be  given  a  speeial  and  exhaustive  trial. 

3.  The  whole  project  may,  I  think,  be  suitably  divided  into 
two  heads :  — 

(1)  Administrative   measures,   intended   to   prevent  the 

spread  of  the  disease ; 

(2)  Medical  measures  to  cure  those  already  afflicted. 

4.  Relying  on  the  opinions  of  the  medical  experts,  to  the 
effect  that  the  disease  cannot  be  spread  by  infected  persons  in 
localities  where  the  tsetse  fly  {Glossina  pnlfalix)  is  not  to  l:e 
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found,  all  natives,  whether  infected  or  not,  have  been  cleared 
out  of  a  two-mile  belt  all  round  the  lake  shore,  and  have  been 
allowed  to  settle  inland  in  fly-free  districts. 

5.  I  am  happy  to  be  able  to  report  that  this  step,  which 
might  possibly  have  caused  much  trouble,  has  been  carried 
into  eifect  without  the  slightest  difficulty.  The  chiefs,  to 
whom  the  raison  d'etre  of  the  whole  scheme  had  been  carefully 
explained,  gave  very  loyal  assistance,  and  on  being  assured 
that  the  tenants  on  their  lake-shore  estates  would  not  be 
irretrievably  dispersed,  they  put  no  obstacles  whatever  to  the 
execution  of  the  plan.  All  along  the  whole  of  the  border  of 
the  lake — from  Buddu  to  the  Ripon  Falls — the  peasants  have 
evacuated  their  holdings,  and  have  been  moved  to  suitable 
properties  owned  by  the  chiefs  further  in  the  interior  of  the 
territory.  Their  huts  have  been  burnt,  and  their  plantations 
of  bananas  have  gone  to  waste.  Only  the  seriousness  of  the 
whole  situation  could  have  warranted  such  drastic  measures, 
and  the  docility  with  which  our  orders  have  been  carried  out 
speaks  volumes  for  the  respect  in  which  the  authority  of  the 
Government  is  held.  A  small  amount  of  pecuniary  compensa- 
tion is  being  given  in  respect  of  each  homestead  destroyed,  and 
I  have  reason  to  believe  that  no  serious  animosity  has  been 
aroused  by  our  action  in  this  connection.  The  lower  classes  in 
Uganda  have  always  been  so  thoroughly  under  the  control  of  ' 
their  chiefs  that  the  idea  of  resistance  to  the  wishes  of  the 
Grovernment  in  this  matter  doubtless  never  entered  into  their 
minds.  The  chiefs,  whose  opposition  might  perhaps  have  been 
almost  insuperable,  have,  as  I  have  already  stated,  loyally 
helped  us  even  in  cases  where  the  necessary  measures  entailed 
on  them  some  pecuniary  loss. 

6.  If  the  experts  on  sleeping  sickness  be  correct  in  their 
belief  that  a  tsetse  fly  only  retains  the  power  of  transmitting 
infection  during  a  period  of  48  hours,  we  may,  therefore,  now 
assume  that  every  fly  along  the  lake  shore  that  has  been  unable 
to  acquire  fresh  infection,  is  to-day  as  innocuous  as  it  may  have 
been  before  the  introduction  of  sleeping  sickness  into  Uganda. 
So  long  as  infected  persons  can  be  kept  away  from  fly-infested 
areas,  the  fly  will  presumably  remain  harmless,  and  it  therefore 
now  remains  for  us  to  take  such  measures  as  will  ensure  the 
continuance  of  their  freedom  from  infection. 

7.  The  situation  in  the  Sese  Islands  and  in  Buvuma  is  far 
less  satisfactory.  The  islands  are  small,  their  shores  are 
densely  wooded,  and  tsetse  flies  are  terribly  abundant.  The 
people  live  largely  on  fish,  and  it  will  be  almost  impossible  to 
keep  them  away  from  the  water  side.  Dr.  Van  Someren  esti- 
mates that,  out  of  the  six  or  seven  thousand  persons  now  re- 
maining on  Buvuma,  95  per  cent,  are  infected  with  trypanoso- 
miasis, and  it  is  believed  that  the  proportion  in  the  Sese 
Islands  is  about  the  same. 
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8  The  chief  danger  of  finding  nullified  the  measures  which 
we  have  taken  on  the  lake  shore  of  the  Kingdom  of  Uganda 
lies  m  the  constant  communication  that  exists  between  the 
islands  and  the  mainland.  The  islanders  have  always  been  in 
the  habit  of  bringing  their  fish,  pottery,  and  other  products  to 
the  mainland  of  Uganda  and  Usoga,  and  their  canoes  are  con- 
stantly plymg  to  and  fro.  Most  of  these  canoemen  being 
infected,  it  would  follow,  in  the  absence  of  proper  arrange- 
ments, that  the  flies  on  the  shore  of  the  mainland  would  be 
constantly  able  to  find  fresh  sources  of  infection,  and  their 
newly-gained  harmlessness  would  be  open  to  much  doubt. 

9.  I  find  it  impracticable  to  order  the  rigid  quarantine  of  the 
islands,  and  so  as  to  minimise  the  risks  referred  to  above,  we 
have  forbidden  all  trafiic  between  the  islands  and  the  main- 
land, save  at  two  or  three  properly  defined  places  on  the  lake 
shore.  These  landing  places  are  being  thoroughly  cleared  of 
all  trees  and  bush,  and  will  thus  be  completely  freed  from 
tsetse  fly.  The  clearings  are  of  considerable  width,  and  persons 
will  be  able  to  attend  the  markets  held  there  without  risk  of 
being  infected  by  the  afilicted  islanders. 

10.  The  efiicacy  of  these  measures  will  depend  very  largely 
on  their  rigid  and  consistent  observance,  and  I  have  detailed  a 
special  officer  to  see  that  they  are  thoroughly  carried  out.  He 
will  constantly  travel  through  the  belt  which  has  been  cleared 
of  natives,  and  will  assure  himself  that  the  old  holdings  and 
plantations  are  not  reoccupied.  He  will  also  strictly  super- 
vise the  traflfic  between  the  islands  and  the  mainland,  and  will 
see  that  the  authorised  landing  places  and  markets  are  kept 
perfectly  free  of  fly.  One  of  the  Assistant  Collectors,  Mr. 
Haddon,  has  volunteered  for  this  duty,  and  the  necessity  for 
taking  proper  precautions  with  regard  to  his  own  safety  has 
been  duly  impressed  upon  him. 

11.  The  collection  of  rubber  in  the  two-mile  belt  has  been 
prohibited,  and  it  is  possible  that  some  small  claims  for  com- 
pensation may  be  made  by  one  or  two  persons  who  hold  permits 
for  this  industry.  The  matter,  however,  is  not  of  much 
importance. 

12.  The  measures  taken  with  regard  to  the  fly-infested  shores 
of  Usoga  are  not  so  far  advanced  as  they  are  in  Uganda  proper, 
but  very  satisfactory  progress  is  being  made  there,  and  we 
hope  that,  in  a  few  weeks,  the  border  of  the  lake  will  be 
entirely  free  of  people. 

13.  I  am  happy  to  be  able  to  state  that  the  measures  adopted 
to  drive  the  tsetse  fly  away  from  the  townships  of  Entebbe  and 
Jinja  have  proved  entirely  successful.  The  belts  of  citronella 
grass  that  have  been  planted  along  the  shores  of  the  lake  at 
those  places  are  evidently  very  distasteful  to  the  Glossina 
pcdpalis,  and  a  fly  is  hardly  ever  seen  in  their  vicinity.  I  may 
add  that  these  plantations  of  citronella  show  promise  of  giving 
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a  remunerative  yield  of  essential  oil,  and  a  distilling  apparatus 
IS  now  being-  procured. 

14.  It  may,  I  tliink,  be  considered  that,  witli  the  removal  of 
the  population  from  the  lake  .shore,  and  with  the  maintenance 
o±  proper  i-egulations  for  preventing  the  re-infection  of  the 
tsetse  flies  m  the  prohibited  belt,  the  purely  administration 
side  of  the  problem  has  been,  in  some  measure,  satisfactorily 
dealt  with.    The  medical  side  now  remains  for  consideration. 

15  The  scheme  for  the  suppression  of  sleeping  sickness, 
wiiich  1  ventured  to  propose  in  my  d^espatch,  No.  218,  of  23rd 
Aovember,  1906,  was  submitted  to  a  committee  of  medical, 
experts  m  London,  and  in  July  last  it  was  decided  that  my 
recommendations  should  be  adopted.  On  the  4th  of  July  the 
Acting  Commissioner  was  authorized  to  proceed  with  the  pro- 
jected camps  m  Chagwe  and  Usoga,  and  the  final  sanction  for 
the  whole  .scheme  was  telegraphed  to  him  on  the  15th  August, 
i  had,  however,  assumed  the  personal  responsibility  of  com- 
mencing .repressive  measures  as  far  back  as  November,  1906, 
and  the  Busiro  Segregation  .Camp  (since  known  as  the 
iiuwanuka  Camp")  was  opened  in  December  on  a  tentative 
and  experimental  scale.  The  removal  of  the  people  from  the 
lake  shore  was  also  commenced  at  about  the  same  time. 

16.  Dr.  Wiggins  was  placed  in  charge  of  the  Buwanuka 
Camp,  and  by  the  end  of  April,  over  300  souls  were  sent  there 
for  treatment.  Dr.  Wiggins  went  on  leave  and  was  replaced 
by  Ur  Densham.  On  the  1st  of  June  that  officer  was  killed 
by  a  buffalo,  and  was  replaced  by  Dr.  Yan  Someren  who,  in 
August,  was  relieved  by  Dr.  Collyns.  It  is  a  matter  for  regret 
that  such  frequent  changes  in  the  medical  staff  should  have 
been  unavoidable,  and  I  hope  that,  in  future,  it  will  be  possible 
to  leave  the  patients  under  the  continued  care  of  the  same 
doctor. 

17.  At  t;he  end  of  July  a  segregation  camp  was  established  at 
T  ^^'^A^'  ^-^  ^'^^  Doctor  Baker  was  placed  in  charge  of  it 
In  October  he  was  joined  by  Lieutenant  Archibald,  R.A  M  c' 
rhis  camp  seems  to  be  a  popular  one  among  the  natives,  and 
the  admissions  of  sick  people  at  the  present  date  amount  to  328 
I  he  death-roll  up  to  the  end  of  Oetober  sho  wed  23  deaths. 

18.  Owing  to  the  lack  of  Medical  Officers   the  camp  at 
Kyetume,  m  Chagwe,  was  not  opened  until  August  This 
camp  is  under  the  charge  of  Doctors  Van  Someren  and  Bayon 
and  is  also  proving  popular.    The  admissions  during  the' last 
four  months  number  326,  of  whom  only  18  have,  so  far,  died.  ' 

19.  A  fortnight  ago,  a  fourth  camp  was  started  on  the 
largest  island  m  the  Sese  group,  and  Dr.  Goodliffe  has  been 
placed  in  charge  of  it.  It  is  in  the  neighbourhood  of  the  spot 
on  which  the  German  Commission  under  Professor  Koch 
worked,  and  great  numbers  of  the  people  there  have  already 
been  under  a  variety,  of  treatments. 
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20.  I  attach  a  copy  of  a  report  by  Captain  Gray,  R.A.M.C., 
giving  details  of  the  work  done  at  the  various  camps  up  to  the 
30th  JSTovember  last.  Captain  Gray  has  been  in  charge  of  the 
medical  side  of  the  scheme  for  the  suppression  of  sleeping 
sickness  since  21st  May  last,  when  Dr.  Hodges,  the  Senior 
Medical  Officer,  went  to  England  on  leave  of  absence. 

21.  In  the  original  project  it  was  proposed  that  all  persons 
suffering  from  sleeping  sickness  should,  on  removal  from  the 
lake  shore,  be  compelled  to  go  to  one  of  the  segregation  camps, 
and  Your  Lordship  will  see,  by  a  reference  to  paragraphs  34-38 
of  my  despatch  quoted  above,  the  nature  of  the  measures  which 
we  proposed  to  take  in  that  connection.  Dr.  Hodges,  however, 
subsequently  recommended  to  me,  very  strongly,  that  the 
forcible  detention  of  the  patients  in  the  samps  shoxild  not  be 
insisted  on.  He  believed  that  any  measure  of  rigid  restraint 
would  make  the  camps  very  unpopular,  and  that  there  would 
be  frequent  escapes.  He  considered  it  probable  that  the  sick 
people  would  willingly  come  to  the  camps  of  their  own  accord, 
and  that  our  main  difficulty  would  be  foiind  in  coping  with 
the  great  numbers  who  would  flock  to  us  for  treatment  by 
atoxyl.  It  should  be  stated  that,  at  that  time,  the  reputation 
of  the  beneficial  effects  of  atoxyl  had  spread  through  the  land 
and  that  the  natives  were  full  of  hope  as  to  its  results. 

22.  I  agreed  with  the  views  expressed  by  Dr.  Hodges.  The 
sick  have  been  allowed  to  go  to  the  camps  of  their  own  free 
will,  together  with  their  relatives,  and  those  who  declined  to 
avail  themselves  of  our  proffered  help  have  been  permitted  to 
settle  anywhere  they  liked  provided  they  did  not  go  to  districts 
wherein  the  tsetse-fly  might  possibly  exist. 

23.  This  permissive  arrangement  has,  I  think,  resulted  in 
the  treatment  of  a  far  smaller  number  of  sick  persons  than  we 
had  counted  on.  It  is  already  evident  that  the  natives  are 
losing  hope  as  regards  the  results  of  treatment  by  atoxyl.  The 
camp  at  Buwanuka,  having  been  in  existence  far  longer  than 
any  of  the  others,  has,  through  its  long  death-roll,  gained  a 
specially  sinister  reputation,  and  there  is  increasing  difficulty 
in  inducing  the  sick  to  go  there.  Only  those  in  a  very 
advanced  stage  of  the  disease  are  taken  to  Bviwanuka  by  their 
relatives,  and  the  treatment  by  atoxyl  does  not,  therefore,  get 
a  fair  chance.  The  death-rate  among  the  patients  has  been 
26  per  cent,  on  an  average,  and  it  is  increasing.  The  unso- 
phisticated natives  associate  the  place  mainly  with  the  idea  of 
death  and  shun  it  accordingly. 

24.  The  other  camps  are  much  more  popular  but,  as  very 
advanced  cases  continue  to  be  received,  the  death-rate  is  bound 
to  increase  and  an  unfortunate  impression  will  probably  soon 
be  attached  to  them  also.  I  hope,  however,  to  get  the  chiefs 
to  clearly  explain  to  their  people  the  reason  for  the  high  deatii- 
rate,  and  to  especially  impress  upon  them  the  far_  greater 
chances  of  recovery  when  the  disease  is  treated  m  its  early 
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stages  I  am  inclined  to  believe  that  it  would  be  advisable  to 
keep  tlio  patients  m  separate  wards,  acoording  to  the  severity 
of  their  disease  on  admission.  The  death-rate  in  each  section 
Xi  mstructive  and  would  probably  have  some  good 

eiiect  on  the  present  popular  notions. 

25.  If  the  segregation  of  the  sick  be  not  compulsory,  the 
success  of  medical  eiforts  on  an  adequate  scale  will  Sgely 
rhwf I'^^i  t  of  the  camps.    The  funds  at  tlie 

disposal  of  the  Government  are  so  restricted  that  we  can  do  no 
Zr+  '^'^f  sufficiency  of  the  cheapest  food  to  the 

destitute  patients,  and  as  most  of  them  belong  to  that  class,  the 
cost  IS  already  comparatively  high.  Several  of  the  chiefs  have 
been  very  generous  m  sending  presents  of  milk,  butter  and  even 
cattle  to  the  camps,  but  these  feasts  are  so  few  and  far  between 
tJiat  they  are  not  much  of  an  attraction.  An  intense  cravino- 
;J  •  ffi  f  .amarked  characteristic  of  sleeping  sickness,  and  I 
tUmk  that  if  It  were  possible  to  give  the  patients  a  meal  of  beef 
or  mutton  now  and  then,  the  effect  on  those  outside  the  camps 
would  be  excellent.  It  is  possible  that  the  sympathy  of  the 
charitable  m  England  may  be  enlisted  in  this  connection,  and 
1  propose  to  make  an  attempt  in  that  direction. 

26;  It  iias  up  to  the  present,  not  been  possible  to  secure  the 
required  staff  of  hospital  assistants  and  we  have  oonsequentlv 
had  to  maintain  two  doctors  at  each  camp  instead  of  one  As 
soon  as  the  required  men  arrive,  three  medical  officers  will  be 
treed  for  their  proper  duties,  and  additional  camps  will  then 
be  established  m  the  hinterland  of  the  TJsoga  shore  and  also, 
possibly,  m  TJnyoro.  There  appear  to  be  great  difficulties  in 
the  way  of  establishing  a  camp  in  the  island  of  Buvuma,  and 
1,  tliereiore,_  only  propose  to  station  a  doctor  there  who  will 
treat  the  afflicted  natives  at  a  olinique  or  in  their  own  homes. 

^'^l.^^^.^^^^Piy  *°       segregation  camps  is  becoming 

amatfcer  of  much  difficulty,  especially  in  the  case  of  Buwanuka 
lixe  natives  still  believe  sleeping  sickness  to  be  an  infectious 
disease  and  are  much  afraid  of  going  near  the  camps.  The 
situation  is  being  met  by  the  creation  of  plantations  of  bananas 
and  oi  sweet  potatoes— the  staple  foods  of  the  country-^and  it 
is  hoped  that,  an  a  year's  time,  a  sufficient  supply  of  provisions 
will  be  available  on  the  spot. 

28  It  is  evident,  from  Captain- Gray 's  report,  that  the  real 
curative  value  of  atoxyl  in  the  treatment  of  sleeping  sickness 
IS  still  far  from_  having  been  proved.  Its  effect  on  trypano- 
somes  m  the  peripheral  eirculation  seems  to  be  undoubted  but 
It  is,  apparently,  too  early  yet  to  judge  of  its  permanent  in- 
fluence on  those  parasites.  Dr.  Van  Someren  reports  that  dis- 
tressing symptoms  have  frequently  followed  the  administration 
of  the  drug,  and  though  many  of  the  cases  under  treatment  and 
observation  have  benefited  generally  to  a  great  extent  it  is 
by  no  means  certain  that  the  improvement  will  be  permanent 
It  will  be  borne  m  mmd  that  very  few  of  the  cases  have  been 
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imcler  consecutive  observation  for  more  than  a  few  months, 
and  Captain  Grray  is  of  opinion  that  no  case  could  be  considered 
cured  until  the  lapse  of  at  least  two  years  after  the  last 
injection  of  atoxyl. 

29.  The  good  and  uniform  quality  of  tbe  atoxyl  now  being 
supplied  is  open  to  doubt,  and  any  uncertainty  on  this  score 
will,  of  course,  seriously  affect  the  value  of  all  experiments 
that  are  being  made  with  the  drug.  Captain  Gray  bas  drawn 
attention  to  tbe  very  large  number  of  cases  of  blindness 
(amaurosis)  which  have  recently  occurred  among  patients  who 
have  been  under  atoxyl  treatment  during  six  months.  The 
drug  lately  supplied  by  the  manufacturers  differs  undoubtedly 
from  that  which  was  first  sent  out  by  them.  It  is  difficult  at 
present  to  say  whether  the  blindness  is  a  consequence  to  be 
feared  from  the  use  of  atoxyl  generally  or  whether  the  un- 
fortunate cases  now  noted  may  not  be  due  to  some  fault  in  the 
preparation  of  recent  consignments  of  the  drug.  Captain 
Gray  is  making  enquiry  into  this  serious  question,  and  the 
attention  of  the  Principal  Medical  Officer  has  been  drawn  to  it. 
A  special  report  on  this  point  will  shortly  be  submitted  to  your 
Lordship. 

30.  Subject  to  some  assurance  against  risk  of  blindness  from 
the  use  of  atoxyl,  Captain  Gray  is  inclined  to  place  consider- 
able reliance  on  the  effect  of  the  drug  in  the  cases  of  young 
children  in  the  early  stages  of  sleeping  sickness.  He  also 
suggests  the  compulsory  removal  of  all  infants  fix)m  Buvunia. 
I  am,  however,  given  to  understand  that  he  has  been  misin- 
formed as  regards  the  lack  of  opposition,  on  the  part  of^the 
natives,  to  such  a  project.  The  suggestion  will  not  be  lost  sight 
of,  and  special  measures  for  saving  the  lives  of  the  little  ones 
will  have  my  special  consideration. 

31.  In  conclusion,  I  believe  I  am  justified  in  saying  that 
the  measures  now  being  taken  to  restrict  the  spread  of  sleeping 
sickness  give  reasonable  hope  of  success.  The  tsetse  on  the 
lake-shore  finds  no  more  material  to  work  upon ;  the  necessary 
link  for  the  transmission  of  the  disease  has  been  broken ;  a,nd 
those  already  infected  have  been  removed  to  localities  where 
they  can  be  of  no  danger  to  their  fellow  creatures.  Curative 
measures  are  being  tried  on  a  large  scale  at  various  c^tres, 
and  I  have  every  reason  to  believe  that  the  medical  officers, 
entrusted  with  this  side  of  the  scheme,  are  thoroughly 
interested  in  their  work  and  will  spare  no  efforts  to  attain  such 
success  as  may  be  possible. 

32.  I  still  believe  that,  with  the  steady  continuance  of  con- 
sistent and  strenuous  efforts,  sleeping  sickness  in  Uganda 
will  ere  long,  be  practically  stamped  out,  and  that  the  country 
may,  at  no  very  distant  period,  be  freed  from  the  terribJe 
scourge  that  has  swept  away  over  200,000  souls  during  the 
past  seven  years, 
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Eeport  by  Captain  A.  C-.  H.  Gkay,  R.A.M.C,  Medical 

OfFICKR  in    Cl-IAIIGB    SLEEPING   SiCKNESS  EXTENDED 

Investigations,  on  the  Sleeping  Sickness  Camps 
Uganda,  erom  December,  1906,  to  November,  1907] 

Ou  May  21st  Dr.  Hodges  left  Uganda  'on  leave.  Mr. 
Strathairn  was  left  in  charge  of  sleeping  sickness  work  until 
I  took  over  from  him  on  June  IStii,  1907. 

Our  sleeping  sickness  staff  was  still  further  reduced  by  the 
fact  that  Dr.  S.  Bagshawe  and  Dr.  Wiggins  had  gone  to 
England  on  leave  and  to  the  tragic  death  of  Dr.  Densham  early 
in  J une,  so  that  only  Drs.  van  Someren  and  Uffman  beside 
myself  remained  to  carry  on  the  work. 

On  J uly  4th  provisional  sanction  to  the  segregation  scheme 
arrived  from  the  Colonial  Office,  and  it  was  stated  that  medical 
officers  and  hospital  .assistants  would  be  sent  out.  On  August 
15th  final  approval  was  given. 

It  was  thought  advisable,  however,  not  to  await  the  arrival 
of  the  special  medical  officers,  but  to  proceed  at  once  with  the 
construction  of  further  camps  on  the  lines  of  that  at  Buwanuka, 
Busiro.  Orders  were  sent  at  once  to  Dr.  Baker,  the  Medical 
Officer  at  Jinja,  to  look  for  a  suitable  site  for  a  camp  in  Usoga, 
and  the  Medical  Officer-in-Charge  left  for  Chagwe  to  select  a 
site  there. 

On  J  uly  24th  Dr.  Baker  sent  word  that  he  had  found  a  suit- 
able site  for  a  camp  on  Bussu  Hill,  situated  about  a  mile  south 
of  the  Jinja-Iganga  road  and  about  two  miles  from  Iganga. 
The  selection  of  a  site  in  Usoga  presented  several  difficulties. 
Owing  to  the  number  and  character  of  the  numerous  streams 
which  pour  into  the  Victoria  Nyanza  in  this  part  of  the 
country,  tsetse  fly  are  found  much  further  inland  in  Usoga 
than  elsewhere.  It  is,  of  course,  essential  that  a-  segregation 
camp  should  be  well  out  of  fly  range,  but,  on  the  other  hand, 
our  experience  with  the  fii'st  camp  at  Buwanuka  proved  to  us 
the  unwisdom  of  placing  a  camp  too  far  from  the  sleeping 
sickness  endemic  area.  ' 

The  mbwa  fly  are  also  very  numerous  in  many  parts  of  Usoga 
and,  except  in  certain  areas,  food  has  been  very  scanty. 

However,  the  site  at  Bussu  seemed  eminently  satisfactory  and 
camp  construction  began  at  once,  the  labour  being  supplied  by 
the  local  -chiefs. 

Keyetume  was  selected  for  the  site  of  the  Chagwe  Camp. 
Kyetume  lies  three  miles  south  of  the  Kampala- Jinja  road 
about  twenty  miles  from  Kampala  and  near  Mkono.  Food  is 
plentiful  in  this  part  of  Chagwe,  the  place  is  easy  of  access,  and 
not  too  far  from  the  sleeping  sickness  area. 

Kyetume  also  has  the  advantage  of  being  within  reach  of  the 
islands  of  Buvuma,  where  sleeping  sickness  is  very  prevalent, 
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and  numbers  of  these  Buvuma  have  already  come  to  the  camp 
for  treatment. 

'The  arrival  of  the  first  temporary  medical  offioer  on  August 
6th  enabled  Dr.  Gollyns  to  go  to  the  Busiro  Camp  and,  after 
learning  the  work,  to  set  free  Dr.  van  Someren.  Dr.  van 
Someren  started  work  at  the  Kyetume  Camp  on  August  19th. 

GrENEEAL  REMARKS. 

Judging  entirely  by  our  first  camp  at  Buwanuka,  Busiix), 
which  has  now  been  in  existence  nearly  a  year,  it  cannot  be 
said  that  a  native  who  is  suffering  from  sleeping  sickness  is 
very  eager  to  present  himself  for  treatment  at  such  a  place. 
The  healthy  native  thinks  that  by  going  to  a  camp  full  of 
sleeping  sickness  patients  he  runs  a  great  risk  of  contracting 
the  disease  himself,  so  that  the  original  idea  that  all  sleeping 
sickness  patients  should  go  to  camp  accompanied  by  their 
healthy  relations  who  would,  by  their  labours,  provide  food  and 
necessaries  for  the  sufferer,  has  not  been  a  very  popular  one 
from  the  healthy  relatives  point  of  view.  The  result  has  been 
that  a  large  percentage  of  those  who  have  come  to  the  Busiro 
Camp  have  been  in  a  very  advanced  stage  of  the  disease  and 
this  has  necessarily  meant  a  high  death-rate,  for  whatever  the 
value  of  medical  remedies  may  be  for  a  patient  in  a  fairly 
early  stage  of  sleeping  sickness,  it  is  quite  certain  that  really 
advanced  cases  of  this  disease  soon  die  in  spite  of  medical 
remedies.  The  fact  That  numerous  deaths  occur  at  any  camp 
can  hardly  be  kept  secret  and  the  fact  being  known  to  natives 
who  are  perhaps  in  a  quite  early  stage  of  the  disease  makes 
them  unwilling  to  go  to  such  a  place  until  they  feel  that  they 
have  not  long  to  live. 

I  do  not  thint:,  However,  it  is  quite  fair  to  judge  of  the  success 
or  otherwise  of  future  camps  by  our  first  camp  at  Buwanuka. 
Buwanuka  is  a  long  way  from  the  sleeping  sickness  area  (20 
miles)  and  patients  simply  will  not  take  the  trouble  to  go  there 
of  their  own  accord.  Among  the  local  natives  Buwanuka  has 
also  had  a  bad  came  from  the  violence  of  the  thunder  storms 
there. 

Detailed  Account  of  Camps. 
Total  admission  to  camp  up  to  iNovember  30th,  1907,  1,179. 

Busiro  Camp,  Buwanuka. 

Dr.  Wiggins  started  this  camp  in  December,  1906,  and  by 
the  time  his  leave  was  due  in  April,  1907,  had  about  300 
patients  under  treatment.  Dr.  Wiggins  was  relieved  by  the 
late  Dr.  Densham  early  in  April.  On  the  3rd  of  June  news  of 
Dr.  Densham's  tragic  death  was  brought  in  and  Dr.  van 
Someren,  who  fortunately  happened  to  be  near  Entebbe  at  the 
time,  was  at  once  sent  to  take  charge  of  the  camp.    On  August 
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I9t]i  Dr.  van  Someren  left  to  start  tlie  camp  for  Cliagwe  ai 
Kyetunie  and  gave  over  charge  of  the  Busiro  Camp  to 
Dr.  CoIIyns. 


Month. 


Admissions.  Deaths. 


1906- 


December 


1907- 


J  anuary 

February 

March 

April 

May  ... 

June 

J  uly 

August 

September 

October 

November 


Total 


1  '-sfi 

LOO 

a 
D 

71 

5 

41 

10 

78 

10 

41 

If) 

32 

17 

24 

15 

28 

li 

28 

9 

16 

10 

16 

16 

14 

'? 

525 

125 

These  patients  have  come,  frora  the  following  sazas :  — 


Kiadondo 

...  182 

Chagwe 

..  74 

Busiro  . . . 

...  158 

Usoga  ... 

4 

Bulemezi 

...  25 

Unyoro 

1 

Singo    . . . 

...  22 

Buvuma 

,4 

Maokota 

...  21 

Butembala 

3 

Busi 

...  10 

Gomba 

2 

Busuju 

1 

Bwekulas 

1 

Ihe  above  figures  show  a  more  or  less  constant  decrease  in 
the  number  of  admissions  to  the  camp  ever  since  it  was  first 
started  in  December,  1906. 

It  is  a  fact  that  this  particular  camp  has  never  been  popular 
among  the  natives  in  the  country  around.  This  fact  has  been 
brought  to  the  notice  of  the  Administration  on  several  occa- 
sions, but  they  have  been  powerless  to  help  the  Medical 
Depai-tment  in  the  matter.  When  patients,  and  healthy 
friends  too,  once  get  to  the  camp  they  are  happy  enough  and 
practically  never  run  away;  they  sometimes  ask  for  a  week 
or  more's  leave  which  is  always  given  and  in  practically  every 
case  such  persons  return.  It  is  obvious  then  that  the  unpopu- 
larity of  this  camp  at  Buwanuka  has  nothing  to  do  with  a 
fault  in  camp  administration.  So  far,  no  soi-t  of  compulsion 
has  been  used  in  getting  patients  to  go  to  our  camps  for  treat- 
ment, and  when  they  once  get  to  camp  no  isort  of  measures  are 
taken  to  make  them  stop  there.  It  is  quite  certain  with  regard 
to  the  latter  statement  nothing  is  necessary;  the  camps  are  very 
popular  with  their  actual  inmates  and  desertions  practically 
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never  now  occur.  The  death-rate  is  high  from  the  fact  that  so 
many  of  the  cases  on  admission  are  in  an  advanced  stage  'of 
sleeping  sickness. 

In  the  first  ,six  months,  out  of  399  cases  admitted  to  the 
camp,  64  had  died— a  death-rate  of  16  per  cent. 

In  the  second  six  months,  out  of  459  cases,  made  up  of  those 
remaining  from  the  previous  six  months  and  of  fresh  admis- 
sions, 72  died,  which  is  also  just  16  per  cent. 

This  gives  a  yearly  death-rate  of  26  per  cent. 

Bussu  Camp,  Usoga. 

On  J uly  25th  camp  construction  ibegan  on  Bussu  Hill,  near 
Iganga.  The  native  chiefs  supplied  labour  very  readily  and  a 
camp  was  soon  built  under  Dr.  Baker's  supervision.  Lieutenant 
Archibald,  E.A.M.C,  joined  Dr.  Baker  on  October  26th. 

Month.                 Admissions.  Deaths. 

1907— 

August       ...       ...       ...         16  — 

September  ...       ...       ...         47  3 

October                                     175  18 

November                                  90  ? 


Total  to  date  ...  328 


This  camp  up  to  the  present  seems  very  popular  with  the 
Basoga.  Only  two  patients  have  left  since  its  institution.  As 
at  Buwanuka  very  many  of  the  patients  are  in  an  advanced 
stage  of  the  disease  and  will  no  doubt  soon  die. 


Kyetume  Camp,  Chagwe. 

It  was  not  until  August  21st  that  a  medical  officer  was  avail- 
able for  this  camp,  but  Dr.  van  Someren,  on  his  arrival,  found 
that  camp  construction  was  in  full  swing  and  that  patients 
were  already  there  waiting  for  treatment.  Dr.  Bayon  joined 
Dr.  van  Someren  on  his  arrival  in  the  country  on  October  14th. 

Month.  Admissions.  Deaths. 


1907— 

August 
September  . . . 
October 
November  ... 


82  — 

84  6 

110  6 

50  '  ? 


Total  to  date  ...  326 
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At  present  tliis  camp  seems  very  popular.  A  large  number 
liave  come  from  the  islands  of  Euvuma,  where  sleeping  sickness 
is  extremely  prevalent.  Tliere  are  at  the  present  time  no  less 
than  62  children  under  the  age  of  15  in  the  camp.  Dr.  van 
Someren  says  that,  in  his  experience,  the  children  make  the 
most  satisfactory  progress,  and  that  if  only  more  of  them  could 
be  got  to  come  for  treatment,  our  efforts  to  treat  this  disease 
would  be  more  successful. 

Treatment  with  Atoxyl,  &c. 

Every  patient  who  comes  to  one  of  our  camps  is  treated  with 
atoxyl.  An  injection  is  given  on  the  day  of  arrival  and  the 
treatment  continued  for  from  four  to  six  months.  The  patients 
nearly  always  know  about  the  treatment  before  they  come  and 
quite  expect  to  be  given  the  injections.  It  is  only  quite  occa- 
sionally that  any  objection  is  oifered  to  the  treatment.  In  this 
respect  the  .  use  of  a  fine  and  sharp  needle  to  the  injection 
syringe  is  important  as  it  minimises  the  pain. 

A  freshly  prepared  20  per  cent,  solution  of  atoxyl  in  distilled 
water  is  used.  The  solution  must  be  freshly  prepared,  it  soon 
turns  a  brown  colour  if  kept  for  long  and  is  then  useless.  It  is 
also  important  to  keep  the  solution  in  a  coloured  bottle. 

The  solution  is  warmed  before  use  in  order  to  completely 
dissolve  the  drug  and  to  render  the  injection  less  painful.  A 
three  cubic  centimetre  all-glass  syringe  is  the  one  generally 
used  at  our  camps.  The  syringe  is  sterilised  by  heat  and  then 
put  into  weak  boracic  solution.  'No  carbolic  acid  is  used 
because  this  acid  decomposes  atoxyl. 

The  following  is  the  method  of  administration:  — 
A  spot  between  the  patient's  shoulder  blades  is  cleaned,  the 
needle  of  the  syringe,  which  is  kept  lying  in  weak  boracic 
Solution,  IS  then  inserted  well  under  the  skin  and  subcutaneous 
tissue  from  above  downwards.  The  syringe  containing  the 
measured  quantity  of  atoxyl  is  then  attached  and  the  solution 
slowly  injected.  This  guards  against  the  possible  breakage 
of  the  syringe  from  a  sitdden  movement  on  the  part  of  the 
patient. 

Methods  of  Injection. 

A.  The  original  method  employed.  0-4  gramme  given  on 
twentieth  and  twenty-first  days  and  repeated  in  the  same  way. 
This  method  soon  gave  way  to  the  next  one  (B). 

B.  The  same  method,  but  the  doses  given  on  the  tenth  and 
eleventh  days. 

C.  Same  as  "  B,"  only  that  the  doses  are  increased  gradually 
by  U-5  c.c.  at  a  time  until  a  maximum  of  4  c.c.  is  reached. 

D.  Method  recommended  by  Dr.  van  Campenhout,  starting 
with  a  very  small  dose  given  and  increased  every  five  days  up 
to  a  maximum  of  07  gramme  and  then  decreasing 
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_  E.  MetlioJ  lately  recommended  by  tlie  German  Commis- 
sion, viz.,  one  gramme  (5  c.c.  given  on  two  successive  days)  and 
repeated  'on  tlie  fifteentli  and  sixteenth  days. 

F.  Atoxyl  followed  by  tlie  administration  of  mercury  by  the 
mouth. 

G.  The  administration  of  sodium-amino-pheuyl-arsinate 
(Burroughs  and  Welcome). 

In  addition  to  treatment  with  atoxyl,  strychnine  is  given  to 
any  advanced  cases. 

The  giving  of  mercury  after  atoxyl  has  been  instituted  on 
the  advice  of  the  Liverpool  School  of  Ti'opdcal  Medicine. 

When  cases  of  sleeping  sickness  arrive  at  our  camps  they 
are  thoroughly  examined  by  the  Medical  Officer-in-€liarge, 
and,  according  to  their  symptoms,  are  divided  into  four  classes 
as  follows :  — 

Class  A. — Those  who  present  the  following  symptoms:  — 
Fever,  gland  enlargement  with  trypanosomes  present  in  the 
glands.  Yery  often  such  cases  complain  of  headache  and  pain 
in  the  stomach.  There  is  no  tremor.  The  patients  on  admis- 
sion generally  say  they  are  well,  do  not  think  that  they  have 
sleeping  sickness,  or  they  may  give  a  history  of  a  few  weeks', 
illness. 

Class  B. — Those  presenting  the  following  symptoms: — . 
History  of  fever  and  some  drowsiness.  Think  that  they  have 
got  sleeping  sickness;  say,  as  a  rule,  that  they  have  been  ill 
several  months.  Marked  gland  enlargement  and  trypanosomes 
present.  Impotence  of  some  months  duration  as  a  rule  or  else 
amenorrheoa.  Skin  generally  dry.  Some  slight  wasting. 
Tremor  of  tongue,  but  not  of  lips  or  fingers. 

Class  C.  present  the  following  symptoms :  — ^Well  marked 
cases  of  sleeping  sickness.  History  of  illness  for  the  last  year 
or  more  as  a  rule.  Tremor  of  tongue,  lips,  and  fingers., 
Wasting.  Dry  rough  skin.  Generally  the  feet  are  swarming 
with  jiggers.  Such  cases  walk  with  difficulty,  and  are  very 
obviously  ill.  They  are  very  often  either  imbecile  or  else 
maniacal.  Marked  oedema  of  the  lower  limbs  and  around  the 
eyes  is  often  present.  The  lymphatic  glands  are  enlarged  and 
contain  trypanosomes. 

Class  D. — Very  advanced  cases  of  sleeping  isickness.  Such 
cases  are  semi-comatose,  and  have  to  be  carried  to  the  camp. 
Are  generally  a  mass  of  chiggers,  and  in  a  very  filthy  state. 
Food  is  only  swallowed  with  difficulty.  The  mouth  and  lips 
are  covered  with  sordes.    Paralyses  are  common. 

It  is  too  early  yet  to  say  very  much  about  the  value  of  atoxyl 
as  a  remedy  for  sleeping  sickness.  Only  a  few  of  our  cases 
have  been  under  observation  for  as  long  as  12  months.  In  the 
following  table  the  after  history  of  those  cases  admitted  to  our 
Busiro  Camp  up  to  August  1st  is  tabulated. 
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Only  undoubted  cases  of  sleeping  sickness  are  included  in 
this  table,  and  all  cases  who  have  died  of  some  intercurrent 
disease,  or  liave  run  away,  are  excluded.  The  admissions  for 
each  montli  are  kept  separate  for  tlie  reason  tbat  a  case 
admitted  in  December,  1906,  or  January,  1907,  has  been  under 
observation  so  many  montlis  longer  than  subsequent  admissions. 

All  cases  in  this  table  have  undergone  a  course  of  atoxyl 
treatment  for  at  least  four  months.  Methods  A.,  B.,  C,  and  D. 
have  been  those  generally  employed.  {See  above  for  methods 
of  giving  atoxyl.) 


Cases  Admitted  in  December,  1906. 


Present  State, 
jtSTovember  30th,  1907. 

Class  of  Case 

on  Admission. 

Class  A. 

Class  B. 

Class  C. 

Totals. 

Class  D. 

33  Cases. 

51  Cases. 

30  Cases. 

9  Cases. 

Showing  improvement  after 

16 

24 

4 

44 

a  course  of  atoxyl.  Not 

now  taking  the  drug. 

Continue  to  take  atoxyl.  ^fo 

6 

3 

9 

marked  improvement. 

Relapsed    after  temporary 

13 

10 

3 

20 

improvement.   Atoxyl  re-; 

sumed. 

Died  after  a  course  of  atoxyl 

4 

11 

20 

9 

44  , 

Total  admissions  treated 

123 

Casfis  Admitted  in  tTanuari/,  1907. 


Present  State, 
November  30th,  1907. 

Class  of  Case  on  Admission. 

A.  8. 

B.  25. 

C.  25. 

D.  4- 

Showing  improvement  after 

6 

13 

1 

a  course  of  atoxyl.  Not 

now  taking  the  drug. 

Continue  to  take  atoxyl.  No 

4 

1 

marked  improvement. 

Relapsed    after  temporary 

1 

4 

improvement.   Atoxyl  re- 

sumed. 

Died  after  a  course  of  atoxyl 

1 

4 

23 

4 

Total  admissions  treated 

Cases  Admitted  in  February^  1907. 


Present  State, 
November  30th,  1907. 


Class  of  Case  on  Admission. 


A.  13. 


B.  14. 


C.  10. 


Showing  improvement  after 
a  course  of  atoxyl.  Not 
now  taking  the  drug. 

Continue  to  take  atoxyl.  No 
marked  improvement. 

Relapsed  after  temporary 
improvement.  Atoxyl  re- 
sumed. 

Died  after  a  course  of  atoxyl 
Total  admissions  treated 


10 
3 


D. 


Cases  Admitted  in  March,  1907. 


Present  State, 
November  30th,  1907. 


Class  of  Case  on  Admission.  . 


A.  9. 


B.  39. 


C.  23. 


D.  1. 


Showing  improvement  after 
a  course  of  atoxyl.  Not 
now  taking  the  drug. 

Continue  to  take  atoxyl.  No 
marked  improvement. 

Relapsed  after  temporary 
improvement.  Atoxyl  re- 
sumed. 

Died  after  a  course  of  atoxyl 
Total  admissions  treated 


3 
1 


15 

7 
10 


2 
20 


Cases  Admitted  in  April,  1907. 


Present  State, 
November  30th,  1907. 


Class  of  Case  on  Admission. 


A.  2. 


B.  28. 


c:  9. 


D.  2. 


Showing  improvement  after 
a  course  of  atoxyl.  Not 
now  taking  drug. 

Continue  to  take  atoxyl.  No 
marked  improvement. 

Relapsed  after  temporary 
improvement.  Atoxyl  re- 
sumed. 

Died  after  a  course  of  atoxyl 
Total  admissions  treated 


13 

10 

■  5 
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Cases  Admitted  in  May,  1907. 


Jrreseiit  state, 
ixoveniDei  ouin,  lyu*. 

Class  of  Case  on  Admission. 

Totals. 

A.   — . 

B.  20. 

C.  12. 

D.    — . 

Showing  improvement  after 

11 

2 

13 

a  course  of  atoxyl.  Not 

now  taking  drug. 

Continue  to  take  atoxyl.  No 

4 

1 

6 

marked  improvement. 

Relapsed    after  temporary 

1 

1 

improvement.   Atoxyl  re- 

sumed. 

Died  after  a  course  of  atoxyl 

4 

9 

13 

Total  admissions  treated 

32 

Cases  Admitted  in  June,  1907. 


Present  State, 
30th  November,  1907. 


Showing  improvement  after 
a  course  of  atoxyl.  Not 
now  taking  the  drug. 

Continue  to  take  atoiyl. 
No  marked  improvement. 

Relapsed  after  temporary 
improvement.  Atoxyl 
resumed. 

Died  after  a  course  of  atoxyl 

Total  admissions  treated 


Class  of  Case  on  Admission. 


A.  4. 


B.  13. 


C.  7. 


D. 


13 


Totals. 


19 

2 
1 


24 


Cases  Admitted  in  July,  1907. 


Present  State, 
30th  November,  1907. 


Class  of  Case  on  Admission. 


A.  5. 


B.  7. 


C.  14. 


D. 


Totals. 


Showing  improvement  after 
a  course  of  atoxyl.  Not 
now  taking  the  drug. 

Continue  to  take  atoxyl. 
No  marked  improvement. 

Relapsed  after  temporary 
improvement.  Atoxyl 
resumed. 

Died  after  a  course  of  atoxyl 

Total  admissions  treated 


4 
1 


4 

3 


7 
7 


15 
11 


26 
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The  above  tables  of  cases  admitted  to  Busiro  Camp  during  the 
SwingToS^^^^  '^'^  ''''^  ''''^ 

That  the  deaths  which  occur  month  by  month  at  this  camp, 
occur  chiefly  among  those  patients  who  have  been  in  the  camp 
a  long  while,  and  that  comparatively  few  new  arrivals  die 
until  tiiey  have  been  m  the  camp  three  or  four  months,  and 
have  had  a  course  of  atoxyl. 

We  see  from  the  above  tables  that  in  spite  of  a  course  of 
atoxyl — • 

^^oi^f  I^^cember  cases  36  per  cent,  are  dead  by  November 
30th,  1907. 

Of  the  J anuary  cases  51  per  cent,  are  dead  by  JTovember 
30th,  1907. 

^  Of  the  February  cases  21  per,  cent,  are  dead  by  November 
30th,  1907. 

Of  the  March  cases  39  per  cent,  are  dead  by  November 
30th,  1907, 

Of  the  April  cases  26  per  cent,  are  dead  by  November  30th 
1907. 

Of  the  May  cases  40  per  cent,  are  dead  by  November  30th, 

Of  the  J une  cases  8  per  cent,  are  dead  by  November  30th, 
1907'. 

Of  the  July  cases  none  are  dead  by  November  30th,  1907. 

Of  cases  admitted  in  August,  September,  October,  and 
Noveniber,  in_  all  six  are  dead,  five  of  whom  were  brought  to 
camp  in  a  dying  condition. 

These  facts  seem  to  show  that  atoxyl  has  a  temporary  good 
effect  on  sleeping  sickness  patients,  but  that  this  effect  in  the 
great  majority  of  cases  is  only  a  temporary  one,  as  nearly  half 
the  cases  admitted  in  December,  1906,  and  January,  1907,  are 
now  dead. 

It  will  be  seen  from  the  above  tables  also,  that  in  231  cases 
atoxyl  was  remitted.  These  cases  were  selected  because  they 
presented  the  following  features :  — 

There  was  an  absence  of  trypanosomes  from  the  glands,  and 
the  patients  appeared  well  and  fairly  strong.  A  few  of  them 
presented  tremor  of  the  tongufe  and  itchiness  of  the  skin,  but 
they  had  all  been  under  atoxyl  treatment  for  at  least  four 
months,  the  majority  for  six  months.  Sixty-four  of  these  cases 
have  relapsed  up  to  the  present.  (Note:  that  there  generally 
was  an  interval  of  some  three  or  four  months,  during  which 
time  the  patients  were  having  no  atoxyl,  befoi-e  the  relapse 
beeam©  evident.)  Twenty-eight  tof  these  people  in  whom 
atoxyl  was  remitted  as  above  have  died  up  to  the  present 
(Novemljer  30th,  1907). 
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Dr.  van  Someren,  reporting  on  the  value  of  atoxyl  treatment, 
in  August  says:  — 

Up  to  the  present  I  have  never  seen  any  untoward  symptoms 
follow  the  injection  of  one  gramme  atoxyl.  Injections  are 
sometimes  followed  by  a  slight  rise  of  temperature,  and  by 
some  pain  in  the  chest,  which,  however,  soon  disappears. 
There  have  been  95  deaths  up  to  the  present  time  in  the  camp, 
of  these  five  died  from  extraneous  causes ;  27  died  fairly  soon 
after  ladmission,  having  had  only  a  few  injections  of  atoxyl; 
the  remaining  63  showed  la  marked  initial  improvement,  but 
subsequently  died  after  a  shorter  or  longer  interval.  This  may 
seem  a  large  number,  but  it  must  be  borne  in  mind  that  many 
of  the  patients  were  brought  in  in  a  very  late  stage  of  the 
disease.  Epileptiform  seizures  towards  the  end  were  very 
common.  In  some  cases  these  seizures  recurred  rapidly,  and 
were  prolonged  in  duration.  A  sudden  access  of  mania,  ter- 
minating fatally  in  a  few  days,  occurred  in  one  case  that  had 
been  under  treatment  for  eight  months. 

Various  paralyses,  both  hemiplegic  and  paraplegic  in  type, 
were  present,  a  glosso-pharangeal  type  being  common,  the 
patient,  though  appearing  from  his  expression  to  be  raentally 
bright,  being  unable  to  speak  or  swallow.  Bed-sores  in  the 
paralytic  cases  were,  as  to  be  expected,  distressingly  common, 
and  often  reached  great  dimensions. 

It  is  evident  from  these  that  in  certain  cases  the  drug  proves 
quite  inefPectual  in  arresting  the  disease.  This  leads  one  to 
suspect  that  though  temporarily  checked,  the  trypanosome  sub- 
sequently acquires  an  immunity  to  this  drug.  Initial  large 
doses,  given  consecutively,  might,  therefore,  be  of  value. 

lu  no  case  have  trypanosomes  been  found  after  the  treatment 
with  latoxyl  in  the  superficial  lymphatic  glands,  the  earliest 
disappearance  of  the  parasite  being  in  our  experience  about  12 
hours  after  the  first  dose  with  the  non-appearance  at  any 
subsequent  period  as  far  as  can  be  made  out.  A  certain 
number  of  cases,  however,  while  appearing  outwardly  healthy, 
and  even  the  patient  himself  may  declare  that  he  feels  well, 
yet,  on  examination,  one  finds  that  they  have  a  continuous 
irregular  temperature,  rising  possibly  to  103°  F.  or  more  every 
evening  with  remissions  to  normal  or  subnormal  at  intervals, 
but  m  the  main  fluctuating  between  normal  and  100°  F.  By 
special  request  of  His  Excellency  the  Governor,  no  lumbar 
punctures_or  post-mortem  examinations  are  performed  at  our 
camps  for  fear  of  rendering  them  unpopular,  so  that  it  is  im- 
possible to  say  more  than  that  after  atoxyl,  the  trypanosomes 
cannot  be  found  in  the  blood  or  gland  juice.  It  may  be  that 
trypanosomes  could  bo  found  in  the  cerebro-spinal '  fluid,  in 
fact,  this  was  actually  found  to  be  the  case  by  Dr.  Collyns  in  a 
patient  who  had  undergone  a  course  of  atoxyl,  and  in  whom 
a  continuous  temperature  persisted,  though  trypanosomes  could 
not  be  found  in  the  glands  or  blood. 
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Trypanosomes  have  not  reappeared  in  the  blood  or  lymphatic 
glcands  .of  any  of  these  cases  up  to  the  present.  In  most  casos 
the  formerly  enlarged  lymphatic  glands  have  decreased  in  size 
to  a  remarkable  degree,  and  in  many  no  gland  enlargement  can 
now  be  recognised. 

Loss  of  vsexual  power  is  a  very  common  and  early  symptom  of 
sleeping  sickness;  the  sexual  history  of  75  people  is  as 
follows:  — 

29  of  them  have  regained  their  sexual  functions  after  a 
cessation  of  from  four  months  to  two  years  in  some 
cases. 

15  patients,  though  feeling  otherwise  sound,    are  still 

either  impotent  or  amenorrhceic. 
31  cases,  including  children,  have  been  sexually  normal 

throughout  the  course  of  the  disease. 

These  facts  seem  to  show  that  in  some  cases  this  drug  is  of 
very  real  benefit. 

Up  to  September,  1907,  Dr.  van  Someren  says  concerning 
atoxyl  "  In  no  case  as  yet  has  any  untoward  symptom  occurred 
which  could  be  attributed  to  any  toxic  effects  from  the  drug. 
I  have  had  several  cases  of  intense  vertigo,  which  I  thought 
at  first  might  be  due  to  an  excessive  dose  or  to  an  accumulative 
efPect  of  the  drug,  but  vertigo  I  found  to  be  a  fairly  common 
symptom  in  fresh  cases,  and  further,  there  appeared  to  be  no 
difference  in  the  duration  of  the  attack,  whether  the  drug  was 
intermitted  or  not.  The  administration  of  5  c.c  (one  gramme) 
of  atoxyl  to  an  adult  is  followed  by  absolutely  no  reaction 
beyond,  in  some  cases,  a  slight  rise  of  temperature  subse- 
quently, such  as  is  often  met  with." 

Father  Yurangot,  of  the  "  White  Fathers,"  reporting  at  the 
middle  of  August  on  his  experience  with  atoxyl  and  on  its 
value  says :  "  I  have  been  giving  atoxyl  in  doses  of  5  c.c  of  a 
20  per  cent,  solution  (one  gramme)  repeated  every  nineteenth 
or  twentieth  day.  I  have  treated  four  cases  in  this  way  for  as 
long  as  nine  months.  I  think  three  of  these  four  are  now  cured 
of  the  disease.*  I  have  never  seen  a  dose  of  atoxyl  followed  by 
urgent  symptoms,  but  some  of  the  patients  to  whom  I  have 
given  injections  have  had  high  fever  for  one  or  two  days  after- 
wards, which  has  abated  without  the  use  of  quinine.  Equally 
the  majority  of  those  who  have  had  atoxyl  have  complained'  of 
pain  in  the  chest  afterwards,  but  this  symptom  only  lasts  for 
two  or  three  days.  I  have  never  seen  an  abscess  follow  on  an 
injection  of  latoxyl." 

I  take  it  that  this  must  also  be  the  opinion  of  the  German 
Commission  under  Professor  E.  Koch,  who  left  Sese  at  the 
beginning  of  October  of  the  present  year,  for  Professor  Klein, 
before  he  left  Uganda,  advocated  the  giving  of  atoxyl  in  doses 
of  one  gramme  on  two  consecutive  days,  and  repeating  the 
same  in  a  fortnight's  time.   ^  

*  I  have  perf  onally  examined  these  cases.    Trypanosomes  cannot  be  found 
in  their  glands  or  blood  and  they  seera  at  present  normal  individuals. 
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^^J^'^i^g'  ^ea-tigo,  and  intense  heaclaclie.  Eive  patients 
developod  amaurosis.  He  goes  .on  to  «ay  tKat  lucJv^eTad 
no  fatal  case,  in  wliicli  blame  conld  be  laid  on  iCLt  and 

ou?preTent^sZX''nf  f  ^^^^  ^^T'^^^^^tj  tbe  action  of 
fovfZ  T  J^^f  ^  K"^^""^^^  '■^^'^"'■^  the  estimation  of  tlie  doses 
for  any  particular  patient  mucli  more  difficult  tlian  former?. 

On  receipt  of  tbis  communication  from  Dr.  van  Someren  I 
immediately  sent  word  to  Drs.  Baker  and  Collyns?  wC  are  in 
cbarge  of  our  camps  in  Usoga  and  Busiro,  to  report  on  ^Lh- 

tTeTbrd"n:i'd';v^^  -^^^^  d;ctr?:plr?:d\b 
£  s'u^M"t:^w^^"^^^ "  ^^^^ 

(1)  It  was  mucb  more  soluble  tban  former  samples. 

(2)  Tbe  solution  of  tbe  drug  changed  colour  mucb  sooner 

tlian  formerly  (more  unstable). 

(3)  That  its  administration  did  not  seem  to  be  followed  bv 

the  same  improvement  in  tbeir  patients  which  had 
been  previously  noted  with  former  samples  of  the 

(4)  That,  however    they   had   not   found   that  urgent 

symptoms  followed,  its  administration. 

r..tT''T''^:^^'  ^'""^  ^^^^'^  1^  't™^^  Busiro-always  in 
people  who  have  been  on  atoxyl  a  long  while,  and  Dr  van 

Someren  reports  five  more  cases,  which  he  puts  down  to  the  new 
supply  of  atoxyl.  As  these  cases  all  seemed  to  come  together 
It  is  cer  amly  very  suspicious.  Up  to  the  time  of  Dr  van 
Someren  s  report,  the  medical  officer  in  charge  at  Busiro  had 
not  connected  the  cases  of  amaurosis  that  had  occuit  there 
as  due  to  the  atoxyl.  I  am  not  aware  that  amaurosis  has  ever 
been  mentioned  as  a  -symptom  of  sleeping  sickness  bv  7Z 
observer  before,  whereas  I  believe  it  has^e^n  reported  befoS" 
f  cltw""'  ''''     the  aniline  whilh 

tl..?fr*  atoxyl  .treatment,  it  seems 

£lnfwol"on  tf'  of  the  drug  should  be  as  large  a's  possiWe 
llec^nt  work  on  the  subject  seems  to  show  that  in  some  cases 
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tlie  trypanosomes  become  accustomed  to  the  drug  and  un- 
affected by  subsequent  doses.  Tbe  uncertainty  of  the  action  of 
our  present  supply  of  atoxyl,  bowever,  very  naturally  makes 
our  medical  officers  chary  about  using  it  in  large  doses. 

The  administration  of  atoxyl  combined  with  strychnine  and 
judicious  feeding  has  been  attended  over  and  over  again  with 
most  astonishing  results.  Patients,  who  on  admission  have 
seem  moribund,  have  several  times  been  up  and  walking  in  a 
few  days.  This  improvement  is,  unfortunately,  only  tem- 
porary, and  no  doubt  the  better  feeding  and  the  strychnine 
have  much  to  do  with  it. 

Atoxyl  followed  by  Mercury. 

It  is  only  lately  that  this  treatment  has  been  instituted,  and 
it  is,  of  course,  too  early  to  judge  of  results. 

The  native,  as  a  rule,  stands  mercury  badly  by  the  mouth. 

On  the  suggestion  of  Colonel  Lambkin,  Royal  Army  Medical 
Corps,  we  shall  try  the  administration  of  metallic  naercury 
following  on  a  course  of  atoxyl  as  soon  as  ever  this  special  pre- 
paration can  be  obtained. 

Sodium-AiMINO-Phenyl— Arsixatk.    (Burroughs  and 

Wellcome.) 

A  .small  supply  of  this  drug,  sent  to  us  by  the  makers,  has 
been  tried  by  Dr.  van  Someren,  who  reports  favourably  upon  it, 
and  says  that  trypanosomes  have  not  yet  returned  to  the  glands 
of  those  few  people  to  whom  he  has  administered  it,  and  that 
it  seems  as  good  as  atoxyl.  A  further  supply  has  been  sent  for 
from  the  makers.  As  this  preparation  is  only  half  the  price  of 
atoxyl,  it  is  certainly  worth  a  more  extended  trial,  especially  as 
there  seems  to  be  a  good  deal  of  uncertainty  in  the  action  of 
our  present  supply  of  the  latter. 

Lunatics. 

As  sleeping  sickness  is  accompanied  by  grave  pathological 
changes  in  the  brain  and  nervous  system,  it  is  not  surprising 
that  many  patients  suffer  from  attacks  of  mania. 

The  average  advanced  case  is  a  harmless  imbecile,  but  violent 
mania  is  sometimes  seen.  Sixty-one  patients  in  all  have  had 
to  be  isolated  and  restrained  in  our  various  camps.  J^.ach  ot 
our  camps  is  now  provided  with  a  special  lunatic  annexe  to 
which  violent  cases  can  be  sent.  Our  camp  buildings  are,  of 
course,  only  roofed  with  dried  grass;  on  two  occasions  lunatics 
have  succeeded  in  setting  fire  to  the  camps,  and  have  done  a 
great  deal  of  damage.  Native  warders  are  m  charge  of  them 
both  day  and  night.    Violent  patients  are  handcuffed,  but 
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there  is  always  the  danger  that  some  patient  may  become 
snddenly  maniacal,  and  burn  down  the  whole  camp.  ' 

On  the  whole  treatment  has  been  very  successful  with  these 
maniacal  patients,  and  prolonged  restraint  is  hardly  ever 
necessary.  *^ 

All  our  medical  officers  report  ,on  the  frequency  of  epilepti- 
form fits.    Patients  soon  die  after  these  fits  have  once  com- 


Small-pox. 


Small-pox  being  common  in  so  many  parts  of  Uganda,  and 
the  natives  being  practically  unprotected  by  vaccination,  it  is 
surprising  that  so  few  cases  have  occurred  in  our  camps  A 
bad  case  of  confluent  small-pox  occurred  at  Kyetume  Camp, 
m  Ji.yagwe,  but  prompt  measures  of  isolation  were  taken  and 
vaccme  lymph  telegraphed  for  at  once  from  the  Government 
vaccine  farm,  Nairobi,  and  obtained  in  four  days,  so  that  an 
outbreak  was  avoided.  Vaccine  lymph  cannot  be  kept  at  a 
camp  m  good  condition  owing  to  the  absence  of  ice. 

Chiggers. 

Chiggers  are  the  pests  of  our  camps.  Every  advanced  case 
ot  sleeping  sickness  that  is  admitted  swarms  with  them,  and 
they  multiply  with  fearful  rapidity.  In  a  bad  case  of  sleeping 
sickness,  the  chiggers  are  not  confined  to  the  feet;  the  hands 
are  otten  a  mass  of  them,  mouth,  nose  and  ears  get  infected  in 
turn,  and  the  result  is  a  truly  revolting  spectacle. 

A  special  large  hut  has  been  built,  to  which  all  cases  go 
once  a  week  and  their  chiggers  are  there  removed  by  native 
attendants  four  of  whom  at  oach  camp  are  kept  constantly 
employed  doing  nothing  else.    By  the  use  of  large  quantities  of 

Jeyes  fluid,  and  by  constant  sweeping,  these  parasites  are 
kept  m  some  sort  of  check. 


Lice. 


Lice  are  also  very  common,  and  to  preserve  anything  like 
cleanliness  a  large  stafl:'  of  native  attendants  is  essential  The 
average  native  is  quite  convinced  that  sleeping  sickness  is  a 
contagious  disease,  and  it  is  difficult  to  get  the  attendant  to 
do  much  for  the  very  sick.  This  difficulty  has  been  pa^ly  go? 
over  by  employing  as  hospital  attendants  patients  in  an  eafly 
stage  of  the  disease.  Towards  the  end,  as  the  bladder  and 
rectum  become  paralysed,  bed-sores  are  the  rule  When  coma 
sets  m  the  patients  are  removed  fix^m  the  wards,  and  pSt  ^to 
separate  huts  or  compartments  of  a  large  hut.  Thi^s  cbne 
order  that  the  other  patients  in  the  ward  may  not  be  con  tant  y 
confronted  by  the  dying,  and  for  the  sake  of  genernniS^^ 
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Food  Supply. 

An  unfortunate  droug-lit  has  made  theproblem  of  keeping  our 
camps  properly' supplied  with  food  sometimes  a  dilticult  one. 
blearing  and  planting  is  going  forward  now  that  the  rains  have 
started  but  it  will  be  sometime  before  any  camp  will  be  able 
to  supply  its  own  needs.  The  Muganda  prefers  bananas  to  any- 
thing else  and  it  takes  mere  than  a  year  to  get  a  satisfactory 
crop,  counting  the  time  spent  in  first  clearing  the  ground. 
Sweet  potatoes  give  a  crop  in  four  months  and  these  are  being 
planted  as  fast  as  possible;  they  have  the  additional  advantage 
of  requiring  practically  no  attention  when  once  the  cuttings 
have  taken  root.  Banana  suckers  are  also  being  planted,  but 
not  to  the  same  extent  as  potatoes,  the  former  require  more  or 
less  constant  attention,  the  lalx)urs  of  one  individual  being 
only  sufficient  to  supply  himself  and  two  others  with  this  food. 
A  new  camp  must  therefore  depend  on  outside  sources  for  its 
food  supply  for  many  months.  We  have  had  to  employ  outside 
labour  to  a  large  extent  for  our  clearing  and  planting.  Many 
of  the  patients  are  quite  capable  of  doing  a  little  work,  but 
ihey  generally  refuse,  their  excuse  is  that  they  are  going  to  die 
and  that  they  are  not  going  to  plant  food  for  others  to  eat. 
A  certain  amount  of  work  has  been  done  by  healthy  relations 
who  have  accompanied  patients  to  camp,  but  the  presence  of 
such  relatives  is  the  exception  rather  than  the  rule,  the  latter 
much  preferring  to  /just  leave  the  sick  one  and  then  disappear 
as  fast  as  possible. 

Patients,  when  they  first  come  to  camp,  generally  have  >a 
little  money,  but  this  is  soon  exhausted  and  then  they  have  to 
be  fed  at  Government  expense.  The  knowledge  that  free  food 
can  be  obtained  at  our  camps  generally  makes  patients  on  their 
arrival  represent  themselves  as  destitute,  even  if  they  have  a 
little  money,  and  it  is  practically  impossible  to  prove  the  truth 
of  their  statements.  A  suggestion  has  been  made  to  the  native 
parliament  that  all  patients  coming  to  camps  for  treatment 
should  bring  a  letter  from  their  local  chief  stating  whether  the  ' 
bearer  is  actually  destitute  or  otherwise,  but  nothing  has  so 
far  come  of  this.  It  will  not  be  long  before  every  patient  in 
our  camp  will  have  to  be  fed  at  Government  expense.  The 
present  cost  to  the  Government  of  buying  food  works  out  at  one 
shilling  per  head  per  month,  this,  however,  does  not  include 
the  cost  of  bringing  the  food  to  the  camp.  Labour  for  this  is 
supplied  by  the  local  chiefs  and  food  often  has  to  be  brought 
long  distances ;  this  is  especially  the  case  at  our  camp  at 
Busiro  which  has  already  consumed  all  the  food  in  its  imme- 
diate neighbourhood. 

A  native  bed,  barkcloths,  cooking  pots,  and  sometimes  a 
blanket  have  also  to  be  provided  for  a  destitute  patient. 

Meat  in  small  quantities,  milk  and  native  butter  are  pro- 
vided for  the  very  sick,  which  are  either  bought  by  Government 
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or  else  presented  by  the  chiefs  who  have  on  many  occasions 
been  very  g-enerous  m  this  respect.  One  bullock  a  month  ii: 
addition  IS  killed  at  each  camp.    The  native  is  very  fond  of 

io"t;a?ment"'A^°^f  '^t  "T^^^  ^^^P' *°  attract  patients 
S^re w  'T*'''^  ""T^""  °^  P^°P^^  -to  ou?  camps 

representing  themselves  as  having  sleeping  aickness  or  who 
have  beeii  so  informed  by  relatives  or  otLr!  who  do  not  want 
the  trouble  of  ookmg  after  them,  when  they  have  not  rJanv 
got  sleeping  sickness  or  any  symptoms  of  it.  ^  As  a  rule  Xe  e 

El  tSlw  ""^'T^     t^-  "^^'^'^^         some  diteL 
themselvP  '''^T!-'  ^""^^  \^  ^^'^  ^  burden  to 

told    haT^W     iTl  ''^"^'^'^x-  "^^^  ^^^^  ^'^^rd  or  been 

told  that  they  will  be  given  food  at  our  camps.  It  is  with 
great  difficulty  that  ,some  of  these  people  are  got  rid  of. 

camps.  Chapels  of  both  denominations  have  been  built  at 
Buwanuka  and  are  going  to  be  built  at  Kyetume.    Our  TJso^a 

Wph'w  ^'"'T  ^'^^P^  ^^^^  constantly 

cZt  ihf  "^''''T'fl ^^^^^^  Tbe  natives  appre- 

thf  ^:r:aS  ^°  - 

On  IsToyember  26th  Dr.  J.  H.  Goodlifte  departed  for  the  Sese 
tl  ,n.Ll°  ^^^^^^  main  island  (Bugalla)  close  to 

that  lately  vacated  by  the  German  Commission  under  Professor 
±t.  -Koch.    Many  patients  have  already  been    treated  with 

^IvSIT  +1     '  ^^°^^^^^>  first  letter  to  me, 

says  that  the  people,  though  pleased  to  have  a  doctor  amon- 

atwi,.  1  ^'A'^'"^  ^^'^  '""^^^'^^  ^^^^t^^^^  treatment 
seen  ofTt  disappointed  with  what  they  have  already 

The  islands^  of  Buvuma  are  still  a  centre  of  sleeping  sickness 
A  tow  patients  are  igomg  to  Kyetume,  the  nearest  camp.  Dr 
van  Someren,  after  a  recent  visit  to  the  island,  says  that  he 

of  the  total  number.    The  chiefs  on  the  island  said  that  they 
were  having  the  greatest  difficulty  in  getting  the  people  to 
across  to  Kyagwe  as  they  did  not  know  u|anda  and  had  all 
sorts  of  curious  ideas  about  our  camps  there.    He  .says  tla 
such  of  the  Buvuma  who  have  come  to  camp  have  very  'oon  o^o 
oyer  their  terror,  hat  some  have  gone  on  a  visit  to  theii  home 
and  have  returned  to  camp  again  bringing  others  wifli  tliTm 
Di-^  van  Someren  goes  on  to  say,  "  from  what  I  can  gathe^as 
to  the  customs  of  the  islanders  it  will  be  almost,  if  not  nuite 
an  impossibility  to  expect  to  torm  camps,  such  L  m  e  ha  ^  in 
Uganda,  on  Buvuma  Island,  owing  to  the  inadenuate  tonS 
resources,  and  when  it  is  born;  in  mfnd  wha  a  grtrst  Je  o 
infection  the  islands  are,  it  seems  a  pity  that  thL  trsons  are 
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not  leiuuved  as  far  as  possible  for  a  time  at  least,  as  it  seemS 
reasonable  to  liope  tbat  in  time  the  infection  will  die  out  from 
tbe  fly  when  the  reservoirs  of  the  trypanosomes  are  removed." 
I  would  like  to  draw  attention  to  this,  owing  to  the  large 
number  of  children,  relatively,  that  from  Buvuma,  every  one 
of  them  is  infected.  I  may  isay  that  practically  every  Muvuma 
who  has  come  under  my  notice  has  been  infected,  in  many 
cases  I  have  been  able  to  find  the  trypanosomes  in  those  who 
declare  that  they  are  perfectly  well,  and  I  am  inclined  to  the 
belief  that  if  a  /systematic,  examination  was  made  of  the 
inhabitants  of  these  islands,  the  percentage  of  infected  persons 
would  be  found  to  be  95  per  cent,  if  not  more.  The  estimated 
population  of  these  islands  at  the  present  time  is  6,000.  I  do 
not  think  'that  a  general  order  to  have  at  least  all  the  children 
brought  for  treatment  would  meet  with  any  great  objection, 
since  so  many  of  them  are  orphans,  nor  would  those  who  might 
come  over  without  their  parents  feel  strangle  for  more  than  a 
little  while,  seeing  that  little  home  life,  as  we  understand  it, 
there  is  amongst  them. 

In  conclusion,  may  I  be  allowed  to  point,  out  that  our 
doctors  who  are  in  charge  of  these  camps  are  'considerably 
handicapped  by  the  absence  of  any  proper  "  Hospital 
AiSsistants."  So  far  natives  have  been  the  only  assistants 
available,  with  the  result  that  all  clerical  work,  as  well  as 
medical,  has  fallen  on  the  shoulders  of  medical  officers. 

Disputes  and  petty  loiiences  are  common  among  the  patients, 
and  these  are  always  brought  to  the  medical  officer  to  settle  as 
being  the  only  white  man  there.  In  addition  the  medical 
officer  has  to  superintend  all  the  planting  and  clearing  that  is 
going  on.  The  presence  of  so  many  lunatics  and  the  chance 
that  some  one  may  set  fire  to  the  hospital  buildings,  makes  it 
almost  impossible  for  the  medical  officers  to  leave  their  camps 
for  even  an  hour  at  a  time. 

Entebbe, 

December  6,  1907. 

Further  Report  on  the  Medical  Treatment  of 
Sleeping  Sickness  Patients  at  the  Segregation 
Camps,  January  18th,  1908.  By  Captain  A.  C.  H. 
Gray,  K.A.M.C. 

In  the  report  which  I  submitted  on  December  12th,  1907, 
I  described  the  methods  of  treatment  in  use  at  our  camps,  and 
said  that  I  was  preparing  some  further  details  about  atoxyl 
treatment. 

It  is  now  one  year  since  the  first  of  the  segregation_  camps 
was  started  at  Buwanuka,  Busiro,  so  that  the  facts  in  this 
report  cover  a  period  from  December  1st,  1906— November 
30th,  1907. 
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During  tJiis  period  tlio  following  number  of  patients  have 
received  treatment :  — 

During  the  first  quarter  (December  1st, 
1906— February  28tli,  1907)    222 

During  the  second  quarter  (March.  Ist  

May  31st)   I45 

During  the  third  quarter  (June  1st — August 
31st)    172 

During  the  fourth  quarter  (September  1st— 
November  30th)   59g 


A  total  number  of  patients    ...  1,135 


Of  these  1,135  cases  of  sleeping  sickness,  the  medical 
officers  m  charge  of  the  camps  report  on  November  30th,  1907, 
that — ■ 

517,  or  45  per  cent.,  have  definitely  improved  under  treat- 
ment, and  that  this  improvement  has,  up  to  the 
present,  been  maintained. 

77,  or  7  per  cent.,  have  relapsed  after  a  temporary  im- 
provement, but  are  still  alive. 

284,  or  25  per  cent.,  continue  in  the  same  state  as  they 
were  on  admission. 

220,  or  19  per  cent.,  are  dead. 

37,  or  4  per  cent.,  were   away   at   the   time   of  this 
examination. 

As  I  said  in  my  previous  report,  all  sleeping  sickness 
patients  on  arival  at  camps  are  noted  down  by  the  medical 
officer  in  charge  as  belonging  to  one  of  four  classes  by  the 
symptoms  that  they  present.    Cases  are  either — 

A.  Very  early  cases,  who  feel,  as  a  rule,  well  and  strong, 
but  present  the  signs  of  gland  enlargement  'and  the  symptoms 
of  accasional  attacks  of  fever  and  headache. 

140  of  such  cases  have  been  admitted. 

B.  Early  cases,  who  present  symptoms  such  as  itchy  skin, 
pain  in  the  legs,  tongue  tremor,  impotence  or  amenorrhoea,  but 
who  are  mentally  normal  though  there  may  be  fits  ol 
drowsiness. 

493  of  such  cases  have  been  admitted. 

_  C.  Advanced  cases,  who  are  mentally  slow,  dull,  and  expres- 
sionless. There  is  commonly  tremor  of  the  tongue,  lips,  and 
fingers.  Such  cases  generally  walk  with  difficulty,  and  are 
very  obviously  ill.  Some  wasting  of  the  body  is  very  com- 
monly present. 

431  of  such  cases  have  been  admitted. 
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„  ^-  ^^11  ^1^1^^^,®^  cases  aro  drowsy,  bed-riddeu,  swallow 
iootl  with  difficulty,  and  are  generally  much  emaciated. 
Lhiggers  are  very  numerous,  and  bed  sores  oommon. 

71  of  such  cases  had  been  admitted. 

If  we  examine  the  after  history  of  tbese  cases  class  by  class, 
we  nnd  that — 

Of  140  A  cases — 

88  have    improved,    and    the    improvement    has  been 
maintained. 

16  have  relapsed  after  temporary  improvement. 
18  continue  in  the  same  state. 

5  have  died. 

13  absent  at  the  time  of  examination,  but  living. 
Of  493  B  cases— 

266  have  improved  as  above. 

44  have  relapsed. 
126  continue  in  the  same  state. 

44  have  died. 

13  were  absent  at  time  of  examination,  but  living. 
Of  431  C  cases — 

156  have  improved. 

14  have  relapsed. 

134  continue  in  the  same  state. 
116  have  died. 
11  were  absent  at  time  of  examination. 

Of  71  D  cases — 

7  have  improved. 
3  have  relapsed. 

6  continue  in  the  same  state. 
55  have  died. 

If  the  A  and  B  cases  are  grouped  together  as  early  cases, 
and  the  C  and  D  cases  as  late  cases,  the  comparison  works  out 
as  follows :  — 


Present  State  on  November  30th,  1907. 

Early  cases. 

Late  cases. 

Per  cent. 

Per  cent. 

Improved 

56 

32-5 

Helapsed  after  temporary  improvement,  ... 

9 

3-5 

Continue  in  the  same  state  ... 

23 

28 

Died  ... 

8 

34 

Absent  at  the  time  of  examination 

4 

2 

The  following  four  tables  show  the  present  condition  of 
patients  admitted  during  the  four  different  quarters  of  the  year, 
and  the  fifth  is  a  comparison  of  the  other  four. 
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Table  Showing  tlie  Present  State  of  the  Admissions  between 
December  1st  and  February  28th  (first  quarter) 


Present  State  on 
November  30th,  1907. 

Clast)  of  Case  on  Admission. 

Totals. 

A. 

B. 

C. 

D 

Improved   

Relapsed,   after  temporary 

improvement. 
Continue  in  the  same  state 
Died  

32 
14 

3 
5 

43 
18 

11 
18 

6 
5 

6 
48 

13  j 

81 
37 

20 
84 

Total  quarter's  admissions  treated   222 


Table  Showing  the  Present  State  of  Admissions  between  March 
1st — May  31st  (second  quarter). 


Present  Stats  on 
November  30th,  1907. 

Clasis  of  Case  on  Admission. 



Totals. 

A. 

B. 

C. 

D. 

Improved   

Relapsed,  after  temporary 

improvement. 
Continue  in  the  same  state 
Died  

7 
1 

3 

39 
21 

11 
16 

6 
4 

1 

33 

3 

52 
26 

15 
52 

Total  quarter's  admissions  treated   145 


Table  Showing  the  Present  State  of  the  Admissions  between 
June  1st— August  31st  (third  quarter). 


Present  State  on 
November  30th,  1907. 

Class  of  Case  on  Admission. 

Totals. 

A. 

B. 

C. 

D. 

Improved  ...   

Relapsed  after,  temporary 
improvement. 

Continue  in  the  same  state 

Died  

Absent  at  time  of  Examina- 
tion. 

16 
1 

1 

2 

52 
5 

19 
2 
1 

33 
2 

21 
5 

2 
1 

9 

i 

103 
9 

41 
16 
3 

Total  quarter's  admissions  treated  . . . 
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Table  Sliowing  the  Present  State  of  the  Admissions  between 
September  Isi^November  30tli  (fourth  quarter). 


Class  of  Case  on  Admission. 

irresem;  oiiaue  on 

Totals. 

A 

A. 

±>. 

u. 

D. 

 ■   

Improved   

33 

132 

111 

5 

281 

Relapsed    after  temporary 

3 

2 

5 

improvement. 

Continue  in  the  same 

11 

85 

106 

6 

208 

Died  

8 

30 

30 

68 

Absent  at  time  of  Examina- 

11 

12 

11 

34 

tion. 

Total  quarter's  admissions  treated  ...        ...  596 


Table  Comparing  the  Present  State  of  Patients  Admitted 
During  the  Different  Quarters  of  the  Year. 


Present  State  on 
November  30th,  1907. 

Admifsions  during  the 

First 
Quarter. 

Second 
Quarter. 

.  Third 
Quarter. 

Fourth 
Quarter. 

Per  cent. 

Per.  cent.. 

Per  cent. 

Per  cent. 

Improved...   

37 

36 

59 

47 

Relapsed  after  temporary  Im- 

16 

18 

5 

1 

provement. 

Continue  in  the  same  state 

9 

10 

24 

?>5 

Died   

38 

36 

10 

11 

Alive  but  absent  at  the  time  of 

2 

6 

examination. 

Methods  of  Tkeatment  Used. 

The  great  majority  of  our  cases  have,  up  to  the  present,  been 
treated  entirely  with  atoxyl  combined  with  strychnine  (in  the 
case  of  patients  in  an  advanced  state  of  the  disease). 

The  methods  of  atoxyl  treatment  employed,  as  I  stated  in  uiy 
previous  report,  have  been :  — 

(a.)  The  original  method  employed :  0-4  gramme  given  on 
the  twentieth  and  twenty-first  daj^s,  and  repeated  for  an  in- 
definite period.    This  method  was  soon  discarded  for:  — 

(&.)  Similar  to  the  above,  but  the  injections  are  given  on  the 
tenth  and  eleventh  days. 


(c.)  Similar  to  tli©  above  (b),  but  the  doses  are  gradually 
increased  by  0'5  c.c.  at  a  time  until  a  maximum  of  0'7  gramme 
is  readied.  This  is  continued  for  a  month,  and  then  the  dose 
reduced. 

(cL)  Dr.  van  Campenhout's  method — very  similar  to  method 
(e),  except  that  the  initial  dose  is  much  smaller,  the  injections 
are  given  every  fifth  day  up  to  a  maximum  of  0"7  gramme,  and 
continued  at  this  point  for  a  month. 

(e.)  Method  lately  recommended  to  us  by  the  'German  Com- 
mission. One  gramme  of  atoxyl  on  two  successive  days,  and 
repeated  on  the  fifteenth  and  sixteenth  day. 

Our  medical  ofiicers  have  used  method  (&)  as  a  routine 
method. 

"When  there  is  only  one  medical  man  at  a  camp  to  attend  to 
four  or  five  hundred  patients,  a  method  which  entails  as  few 
injections  as  possible  during  a  month  is  a  great  advantage. 
Method  (e),  which  entails  only  four  injections  in  a  month, 
would,  therefore,  seem  useful,  but  the  doses  are  large,  and  as 
there  has  been  some  reported  uncertainty  in  the  action  of 
some  of  the  atoxyl  supplied  to  us,  it  has  only  been  used  in  a 
few  cases.  The  actual  results  that  we  have  obtained  with 
atoxyl  alone  are  shown  in  this  table :  — 

Cases  treated  with  Atoxyl  alone. 


779  Cases. 


One  Month'ti 

Two  Months' 

Three  Months' 

Treatment. 

Treatment. 

Treatment. 

Present  State  on 

November  30th, 

Amount  of  Atoxyl  given  in  Grammes. 

Totals. 

1907. 

Under 

2-4 

4-6 

6-8 

8-10 

Over  10 

2  arms. 

Grms. 

Grms. 

Grms. 

Grms. 

Grms. 

Improved  

38 

107 

84 

32 

64 

325 

Relapsed  after  im- 

4 

10 

22 

10 

18 

64 

provement. 

Continue    in  same 

8 

51 

44 

15 

21 

51 

1130 

state. 

Died   

66 

44 

34 

21 

14 

21 

200 

Total 

74 

1.37 

195 

142 

77 

154 

779 

211  cases  treated  for  one  month. 
337  ,,       ,,  two  months. 

231  ,,  three  months. 
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And  tlio  following  table  gives  a  comparison  of  tlie  results 
Ob  arned  m  patients  wLo  Have  been  treated  for  one,  two!  and 
three  months  consecutively:  


Present  State, 
November  30th,  1907. 

Duration  of  Treatment. 

One  Month. 

Two  Months. 

Three 
Months. 

Improved   

Relapsed   |] 

Continue  in  same  state 

Died   

Number  of  cases   

19  per  cent. 

i  " 

oO 

211 

56*5  per  cent. 
9-5  ., 

18 
16 

337 

41  per  cent, 

12  „ 
31 

16  „ 
231 

The  high  death-rate  among  cases  treated  for  one  month  in 
the  above  table  is  due  to  the  fact  that  lately  we  have  had  a 
large  number  of  patients  in  a  state  of  starvation  in  Usoga,  who 
have  only  lived  long  enough  to  receive  a  month's  treatment 
m  camp. 

A  point  that  the  above  table  seems  to  show  is  that  rather 
fewer  cases  show  improvement  after  three  months'  atoxyl 
treatment  than  after  two  months'  treatment  (41  per  cent,  of  the 
former  against  56-5  per  cent,  of  the  latter),  the  percentage  of 
deaths  in  the  two  cases  being  the  same. 

As  I  mentioned  in  my  previous  report,  there  seems  to  be  no 
doubt  at  all  that  more  than  half  the  cases  of  sleeping  sickness 
show  marked  temporary  improvement  in  their  general  bodily 
health  after  atoxyl  _  treatment,  and  the  enlarged  glands 
diminish  rapidly  *in  size  in  nearly  every  case. 

Up  to  the  present  our  Medical  Officers  have  only  twice 
succeeded  in  finding  trypanosomes  in  patients  who  are  at  the 
time  actually  undergoing  a  course  of  atoxyl  treatment — once 
in  the  gland  juice  and  once  in  the  blood,  and  only  twice  in 
patients  who  have  left  off  atoxyl.  However,  as  can  be  seen 
from  these  tables,  even  in  the  case  of  early  cases  of  this  disease 
who  have  been  under  observation  one  year,  taking  the  A  and  B 
cases  admitted  during  the  first  quarter — 75  in  number — ^that  23 
of  them  (or  34  per  cent.)  are  dead  at  the  end  of  the  year. 

Owing  to  the  fact  that  our  medical  officers  have  had  no 
trained  hospital  assistants  to  help  them  they  have  not  had  the 
time  to  thoroughly  examine  the  treated  cases  for  trj'panosomes. 

The  gland  juice  of  these  cases  has  been  examined,  and  the 
medical  officers  are  unanimous  in  reporting  that  hardly  ever 
can  trypanosomes  be  found  there  after  treatment,  and  that  in 
the  majority  of  patients  the  gland  enlargement  disappears. 
The  period  since  the  last  dose  of  atoxyl  was  given  has,  however, 
not  been  more  than  a  few  months  in  the  case  of  these  treated 
cases,  and  it  may  be  that  trypanosomes  will  yet  re-appear  in  a 
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good  many.  This  absence  of  trypanoaomes  from  the  lymphatic 
glands  cannot  mean  that  all  the  trypanosomes  thronghout  the 
body  have  been  destroyed  in  these  people,  because,  as  I  have 
just  said,  d4  per  cent,  ef  the  early  cases  (A  and  B  cases)  that 
have  been  under  continued  observation  for  a  year  are  dead  at 
the  end  of  that  period  m  spite  of  the  fact  that  the  gland:  iuice 
does  not  contain  parasites.  When  our  medical  officers  have 
more  time  to  make  exhaustive  examinations  of  the  blood  and 
cerebro-spmal-fluid  of  treated  cases,  I  cannot  help  thinking 
that  tryp.anosomes  will  be  found  in  a  great  many. 

With  regard  to  treatment  by  other  methods,  the  following 
table  shows_  that  294  people  have  been  treated  with  atoxyl 
combined  with  mercury. 

The  method  employed  up  to  the  present  consists  of  givino- 
two  injections  of  0-4  gramme  of  atoxyl  on  two  successive  days 
followed  by  one-sixth  of  a  grain  of  perchloride  of  mercury  given 
hypodermically  after  an  interval  of  three  days,  and  this  latter 
injection  repeated  three  or  four  times  at  a  three  days'  interval 
unless  untoward  symptims  manifest  themselves.  A  few  eases 
who  did  not  look  after  their  mouths  pxoperlv  did  complain  of 
sore  gums  as  a  result  of  these  injections  of  mercury,  but  in  the 
rest  no  bad  result  was  followed. 

It  is  only  three  months  since  this  treatment  was  started  by 
^an  Someren,  and  the  results  have  been  encouraging  as 
seen  by  the  table. 

Table  showing  the  number  and  present  condition  of  patients 
treated  with  atoxyl  and  mercury  (hypodermic  injections) 
and  mercury  alone  {intravenous  injections). 


Present  State,  November  30th,  1907. 

Atoxyl  and 
Mercury. 

Mercury  alone. 

Improved  ...   

EeJapsed  after  course  of  treatment  ... 

Continue  in  the  same  state  ... 

Died   - 

183 
1 
90 
20 

3 

Totals  treated 

294 

3 

_   ^^.xo^  iictve  ueen  treatea  Dy  means  of  intravenous  in- 

jections of  a  mercury  salt  by  Dr.  Bayon,  but  without  any 
marked  improvement  following. 

We  have  not  had  sufficient  sodium-amino-phenyl-arsinate 
(Burroughs  and  Wellcome)  to  give  it  a  pix^per  trial,  but  a  con- 
signment of  the  drug  has  just  arrived,  and  a  certain  number 
of  patients  will  be  systematically  treated  with  it. 

In  a  certain  number  of  cases,  patients  who  have  been  treated 
witn    atoxvl     have    developed     symptoms     suggestive  of 


atoxyl 
intoxication. 
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These  cases  are  given  in  detail  in  the  accompanying  table, 
which  shows  the  amount  of  atoxyl  received  by  each  case  before 
the  symptoms  described  were  noticed. 

G-iddiness  has  been  by  far  the  commonest  symptom  com- 
plained of._  It  is  true  that  a  certain  number  of  people  com- 
plain of  this  symptom  on  admission  before  any  treatment  has 
been  started,  but  still  the  large  number  of  cases  that  have  com- 
plained of  this  .symptom  (10  per  cent,  of  the  whole)  of  latem 
makes  me  think  that  in  many  it  is  due  to  the  atoxyl.  I  may  say 
that  this  opinion  is  not  held  by  all  our  medical  officers,  some  of 
whom  look  on  it  entirely  as  a  symptom  of  sleeping  sickness. 

Col  ic  and  diarrhoea  noted  in  four  per  cent,  of  treated  cases. 
Has  come  on  generally  within  twelve,  or  at  most  twenty-four, 
hours  of  an  injection  of  atozyl.  In  four  cases  it  has  been  of  a 
sever©  type. 

Alteration  of  the  vision  has  been  noticed  in  forty-seven 
cases.  In  thirty-three  it  has  taken  the  form  of  dimness  of 
vision.    Of  these  33  cases — ■ 

In  12  the  visual  dimness  has  improved. 

5  remain  in  the  same  condition,  getting  neither  worse 
nor  better. 

2  have  died  with  the  symptoms  as  above. 
14  have  got  worse. 

Four  of  these  cases  had  marked  dimness  of  vision  on  admis- 
sion before  any  atoxyl  had  been  given  them,  but  still  I  think 
that  in  most  of  the  cases,  the  atoxyl  has  been  the  cause. 

It  is  a  suspicious  fact  that  except  in  these  four  cases  the 
condition  was  not  noticed  in  Busiro  Camp  until  September, 
1907.  The  great  majority  of  the  people  who  have  suifered  in 
this  way,  have  been  treated  by  a  system  of  atoxyl  injections 
entailing  a  slightly  increased  dose  at  each  set  of  injections 
though  in  no  case  has  a  dose  larger  than  0'7  gramme  been 
given  at  one  time.  Most  of  the  cases  in  whom  it  has  been 
noticed  were  well  marked  cases  of  sleeping  sickness  on  admis- 
sion to  camp. 

It  is  curious  that  only  one  case  had  been  reported  from  the 
ITsoga  Camp,  and  yet  Dr.  Baker,  the  Medical  Officer  in  Charge, 
has  been  treating  a  certain  number  of  cases  there  with 
gramme  doses  of  atoxyl. 

Fourteen  patients  have  become  totally  blind  (1"2  per  cent, 
o-f  the  whole).  The  details  of  these  cases  I  give  in  a  special 
table  as  the  symptom  is  such  an  important  and  distressing  one. 

It  will  be  noticed  from  the  table  that  eleven  of  these  cases 
have  been  treated  with  increasing  doses  of  atoxyl.  That  in  no 
case  had  the  dose  exceeded  0"7  gramme  at  a  time,  that  the 
average  period  of  treatment  for  each  case  so  afflicted  works  out 
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at  3J  montlis,  and  the  average  total  amount  of  atoxyl  taken  by 
each  at  eight  grammes  during  that  period.  Three  of  these 
people  were  never  given  a  larger  dose  than  0'4  gramme.  That 
half  the  cases  belonged  to  class  B  and  half  to  class  C  on 
admission.  Blindness  is  described  as  a  symptom  of  aniline 
poisoning.  A  certain  amount  of  the  atoxyl  supplied  to  us,  as 
I  mentioned  in  my  previous  report,  was  of  a  light  yellow  colour, 
in  powder,  and  made  up  into  a  yellow  solution  immediately  it 
was  pi-epared.  This  yellowness  was,  I  think,  due  to  free 
aniline.  The  cases  of  dimness  of  vision  and  blindness  which 
have  occurred  have  all  been  noticed  with  one  exception  since 
August  1st,  and  it  was  at  just  this  time  that  this  yellow  atoxyl 
was  being  used  by  our  medical  officers.  I  think  this  symptom 
may  be  due  to  aniline  poisoning. 

Ophthalmoscopic  examination  of  these  cases  has  generally 
proved  negative. 

Paresis  of  lower  limbs  with  increased  knee  jerk  is  generally 
looked  upon  by  our  medical  officers  as  a  symptom  of  sleeping 
sickness.  Dr.  Collyns,  however,  is  of  opinion  that  it  may  have 
been  due  to  the  atoxyl  in  twelve  cases. 

Sudden  death. — Seven  patients  have  died  suddenly  for  no 
very  apparent  reason  within  forty-eight  hours  of  atoxyl  injec- 
tion. Post-mortem  examinations  are  not  allowed  at  our  camps 
because  of  the  fear  that  they  would  thereby  be  rendered  un- 
popular. I  do  not  for  a  moment  say  that  these  deaths  have 
been  caused  by  the  atoxyl,  but  the  fact  is  serious,  and  ought 
to  be  noticed. 

Two  other  symptoms  have  been  commonly  noticed  after 
atoxyl  injections — prsecordial  distress,  and  a  rise  of  tempera- 
ture. Both  these  symptoms  soon  disappear.  Aniline  is  said  to 
cause  the  formation  of  methsemoglobin  in  the  blood.  Perhaps 
the  prsecordial  distress  may  be  accounted  for  in  this  way. 

All  our  medical  officers  are  of  the  opinion  that,  provided  that 
the  quality  of  the  atoxyl  is  above  suspicion,  the  good  results 
in  the  way  of  marked  temporary  improvement  in  the  general 
health,  and  the  fact  that  patients  are  rendered  innocuous, 
and  that  perhaps  cures  may  be  obtained  by  its  administration 
out-weigh  any  bad  results  that  may  possibly  occur  through 
its  use,  and  that  until  a  better  substance  can  be  found  we  are 
justified  in  going  on  with  the  treatment. 
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APPEJ^DIX. 


Table  showing  the  number  of  sleeping  sickness  patients  who 
presented  certain  symptoms  possibly  due  to  the  atoxyl 
administered  to  them,  showing  the  amount  of  atoxyl  taken 
m  each  case  before  such  symptoms  were  noticed. 


Character  of  Symptoms 
Observed. 


Marked  giddiness 

Colic  and  diarrhoea, 
often  with  vomiting. 

Alteration  of  vision 

Total  blindness 

Paresis  of  lower  ex- 
tremities with  in- 
creased knee  jerks. 

Sudden  death  with  no 
apparent  cause. 

Vomiting  only  


Amount  of  Atoxyl  Taken— in  Grammes. 


Under  I 


10 
16 


2-4. 


35 
16 

2 

2 


4-6 


34 
6 

7 

5 


6-8. 


19 
4 

13 
3 
3 


8-10. 


3 
3 
2 


Over 
10. 


7 

3 
5 


Totals. 


100 
42 

33 
14 
12 


7 
1 


Table  showing  number  of  patients,  type  of  case  on  admission, 
sex,  system  of  treatment,  maximum  dose  of  atoxyl,  and 


total  length  of  atoxyl  treatment  before  symptom 
noticed  in  patients  who  have  become  totally  blind. 


was 


Class  of  Case  on 
Admission. 


Month  of 
Onset. 


B.  (m)... 

C.  (m)... 
B.  (m)... 

B.  (m)... 

C.  (m)... 
B.  Cm)... 
B  (m)... 

B.  (f)  ... 

C.  (f)  ... 
C  (f)  ... 
B.  (f)  ... 

B.  (f)  ... 

C.  (f)  ... 
C.  (f)  ... 


September 

August  ... 

November 

November 

October... 

October... 

September 

October ... 

November 

November 

June 

November 
November 
November 


Length 
of  Treat- 
ment. 


Amount  of 
Atoxyl. 


System 
Employed 


Largest 
Dose 
Given. 


Months. 
3 

H 

3 
2 
6 
9 
3 
4 
3 
8 
5 
3 
U 

n 


Grammes, 
10 

4-  5 
10-5 

5 

10-5 
13-5 

8 

8 

7-5 
8 
4 
10 

5-  2?> 
5-25 


(c) 
(d) 
(c) 
(c) 
(a) 

(a)  and  (d) 

(d) 
(c) 
(o) 
(a) 
(a) 
(c) 
fc) 
(c) 


Grammes 
0-7 
0-7 
0-7 
0-7 
0-4 
0-7 
0-7 
0-7 
0-7 
0-4 
0-4 
0-7 
0-6 
0-6 
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25.  A  PRELIMINARY  SUMMARY  OF  THE 
RESULTS  OF  THE  EXPERIMENTAL  TREAT- 
MENT OF  TRYPANOSOMIASIS  IN  RATS. 

Bj  H.  G.  Plimmer,  F.L.S.,  and  J.  D.  Thomson,  M.B.,  CM. 

[Reprinted  from  the  Pkocee DINGS  OK'  the  Royal  Society 

B.  Vol.  79.] 

The  experiments  of  which  the  following  is  an  abstract  have 
been  undertaken  under  the  direction  of  the  Tropical  Diseases 
Committee  of  the  Royal  Society. 

The  strains  of  trypanosomes  which  have  been  used  in  these 
experiments  are  a  Nagana  from  the  original  strain  brought 
to  England,  and  a  Surra  from  Professor  Lingard  in  India. 

1  -yig-ana  strain  kills  rats  in  an  average  time  of  5 -5  days, 
and  the  Surra  strain  in  6-9  days. 

Chinolin  Compounds. 

The  knowledge  of  the  action  of  quinine  in  malaria  sug- 
gested the  trial  of  various  chinolin  compounds.  As  is  well 
known,  quinine  itself  has  no  influence  in  trypanosomiasis. 
Lyanin  was  the  substance  first  tried,  as  this  in  extremely 
dilute  so  utions  (1—10,000)  is  very  poisonous  to  trypanosomes 
outside  the  body.  A  series  of  Nagana  and  Surra  rats  were 
given  doses  of  from  I  to  1  milligramme  (which  is  a  poisonous 
dose  for  small  rats),  but  all  of  these  died  about  the  same 
time  as  the  controls,  and  in  every  case  the  trypanosomes  had 
increased  m  the  usual  manner,  so  that  at  death  the  blood  was 
as  swarming  with  trypanosomes  as  if  no  treatment  had  been 
used  ^  Messrs  Bayer  and  Co.,  of  Jlberield,  kindly  placed  at 
our  disposal  nine  chinolin  and  chinaldin  compounds  and  six 
cyanm  farbstoffe,"  but  none  of  these  produced  any  eft'ect  on 
the  development  of  course  of  the  diseases. 

Dichlorobenzidine  +  Acid  H. 

This_  substance,  which  was  first  used  by  Nicolle  in  trypano- 
somiasis of  mice,  was  found,  when  used  both  on  mice  and 
rats,  to  lengthen  the  course  of  the  diseases,  but  in  no  case 
was  the  extension  of  the  course  of  the  disease  very  marked 
Nagana  mice  after  one  dose  of  1  c.c.  of  a  1-per-cent.  solution,' 
lived  from  8  to  11  days,  and  Surra  mice  from  10  to  16  davs 
one  living  as  long  as  29  days;  in  Nagana  rats  the  disease 
was  prolonged  to  an  average  time  of  14  days,  and  in  Surra  to 
an  average  of  16  days.     In  all  the  animals  treated  with  this 
substance  the  spleen  and  liver  were  very  much  enlarged,  and 
J. vmg  trypanosomes  were  found  post-mortem,    showing  that 
the  substance  had  not  practically  influenced  the  patholoo-ionl 
processes.    In  no  case  was  the  substance  completely  absorl>ed. 

31544  ^ 


98 


Tktpanroth. 

■  This  was  discovered  and  first  used  by  Ehrlich.  When  used 
alone  it  lengthened  the  course  of  the  disease  in  both  Nagana 
and  burra  to  about  14  days,  but  in  all  cases  the  spleen  was 
lound  to  be  as  much  enlarged  as  in  the  control,  and  living 
trypanosomes  were  invariably  found  post-mortem. 

Arsenious  Acid. 
_  This  was  used  at  first  simply  dissolved  in  water,  and  later, 
m  order  to  try  to  avoid  the  irritation  and  sloughing  invari- 
ably produced,  in  a  solution  slightly  over-neutralised  with 
carbonate  of  soda.  When  injected  before  the  fourth  day  of 
Nagana  and  Surra,  arsenious  acid  caused  the  disappearance 
of  the  trypanosomes  from  the  blood,  but  they  invariably  re- 
curred before  death.  It  was  given  in  doses  of  1  milli- 
gramme, and  one  rat  lived  as  long  as  26  days,  two  to  16  days, 
and  one  to  17  days,  each  of  these  rats  having  taken  6  milli- 
grammes altogether.  A  very  considerable  effect  was  pro- 
duced on  the  vitality  of  the  trypanosomes,  as  a  rat  inocu- 
lated from  the  bone-marrow  of  one  of  the  16-day  rats  did 
not  show  trypanosomes  in  the  blood  until  the  ninth  day  after 
inoculation.  Whether  neutralised  or  not,  sores  were  pro- 
duced at  the  points  of  injection.  The  spleen  was  found  post- 
mortem to  be  about  as  large  as  that  of  the  controls. 

Atoxyl. 

This  substance,  which  was  first  used  by  Thomas  and  Breinl, 
has  been  found  by  Ehrlich  and  Bertheim  to  be  the  sodium 
salt  of  para-amido-phenyl-arsenic  acid,  with  the  formula 

NH2(C6H4)AsO.ONa.OH,3H20, 

and  Moore,  Nierenstein,  and  Todd*  have  confirmed  this  view 
of  its  composition,  which  differs  from  that  originally  pub- 
lished, which  stated  it  to  be  an  anilide  of  metarseniouG  acid. 

This  is  the  most  important  substance,  so  far  discovered,  in 
relation  to  the  treatment  of  trypanosomiasis.  In  all  cases 
of  Nagana  and  Surra  (with  the  exception  of  the  atozyl-proof 
cases  mentioned  below),  atoxyl  causes  the  entire  disappear- 
ance of  the  trypanosomes  from  the  blood,  so  that  rats  inocu- 
lated with  the  blood  when,  it  was  microscopically  free  from 
parasites  failed  to  take  the  disease;  but  the  trji-panosomes, 
in  our  experience,  have  invariably  recurred,  and  death  was 
only  delayed  for  a  period  varying  with  the  dose  and  with  the 
time  of  commencement  of  the  treatment.  When  the  dose 
was  sufficient,  e.g.,  1  to  1"5  c.c.  of  a  5-per-cent.  solution  in 
three  to  five  doses  (a  dose  being  given  every,  or  every  other, 
day),  even  after  as  many  as  four  recurrences  the  spleen  was 
generally  found  post-mortem  to  be  very  little  or  at  most 
moderately  enlarged.    A  too  large  dose  apparently  produced 

•>  "  On  the  Treatment  of  Trypanosomiasis  by  Atoxyl  ....  followed 
by  a  Mercuric  Salt,"  &c.,  "  Biochemical  Journal,"  vol.  2,  Nos,  5  and  6. 


99 


wasting,  and  a  bad  condition  of  the  hair,  and,  we  think,  a 
quicker  return  of  the  trypanosomes. 

When  atoxyl  is  given  more  continuously  or  too  freely  than 
IS  required  m  oases  m  which  there  have  been  many  recur- 
rences  and  probably  under  some  other  conditions  of  which 

tieated  a  lac©  of  trypanosomes  is  produced  which  entirely 
resists  atoxy  ,  and  continues  to  develop  and  mult  ply  fn  p i t e 
of  continued  exhibition  of  the  druff      Tbn«  i 

1.  MONOPHENTLAESENIC  ACID. 

2.  NlTBOPHENYLARSENIC  ACID. 

3.  Paeatolylarsenic  Acid, 

PrSor*Cu.\!v^''l?  P  r  rV°'.  experimental  purposes  to 
covered  ke^     TW^  K''^'''"^'  Michaelis,  who  dis- 

treatmlrn?;         ^  ^^-^  connection  with  the 

Mchaelis  ^^'^f  t'''''''  ^f^'  ^^''^  -^"^  ^^^^  discovered  by 
Micnaelis.  _  ihey  are  extremely  poisonous  substances  and 
were  given  m  doses  of  1  c.c.  of  a  .solution  of  1/400 

1.  Monophenylarsenic  acid.-This,  in  common  with  other 

twice  in  untreated  animalf,  V'^^^LIZ^^ ^^^^^^ 

and  in   three  recurrent   cases  after 

S  appeirtutl'dTf  f'^'''  ^^"^^^  trypanosomes  t 
aisappear,  but  it  did  not  save  any  animal ;  and  it  is  as  arp  nil 

these  three  compounds,  poisonous  in  effective  doses  " 

J.  JNitrophenylarsenic  acid.— In  untreated  animals   and  in 

appearrnce 'of'X'';  caused  a  more  effective  dis- 

p?s  ^dt  t  sriTnr  XAvivn 

only  with  it  from  the  beginning  litd        9?  /   '  v""-'"^ 

rttrtrrh^T^"^""™""^^^^^^ 

1  o  c  of  1/400  ''yi"'™™"'^'  disappeared  after  two  doses  of 

LTppir  Of  tt'^;~rw*^^^^^^^^^^^^ 

Other  Arsenic  Compounds. 

ever  on  the  coi'rse  of      T"  *°  "-hat- 

o.thet,pan„;-^1/^:;^^^^^^^^^^^^ 


Q  2 
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Other  Bodies. 

Muorescein  was  tried  witlloxit  any  effect;  and  also  sodium 
oinnamate,  on  account  of  its  reputed  property  of  producing 
leucocytosis,  which  mig^ht  have  been  useful  from  the  phago- 
cytic standpoint.  But  it  failed  to  have  any  effect  in  these 
diseases. 

Treatment  with  two  or  more  Drugs. 

The  deduction  from  the  above-mentioned  experiments  Avith 
single  bodies  is  that,  at  the  present  time,  there  is  no  sub- 
stance known  which  alone  will  cause  a  permanent  disappear- 
ance of  the  trypancsomes  from  the  affected  animal,  i.e.,  effect 
a  cure;  so  that  experiments  have  been  carried  out  to  see 
whether  any  combination  of  bodies  would  produce  the  desired 
effect.  The  compounds  of  mercury  seemed  from  their  known 
properties  to  be  the  most  promising,  and  the  results  of  experi- 
ments in  this  direction,  lately  published  by  Drs.  Moore, 
Nierenstein,  and  Todd,  are  most  encouraging.  We  have  not 
used  the  form  of  mercury  (liq,  hydrarg.  perchlor.)  with  which 
these  good  results  have  been  obtained,  but  we  have  iised  the 
lactate,  sozoiodol,  and  succinimide,  and  also  Donovan's  Solu- 
tion (liq.  arsen.  et  hydrarg.  iodid.).  Of  these  the  succini- 
mide appears  to  us  to  he  the  best,  as  it  is  unirritatiug,  and 
will  apparently  mix  with  atoxyl  without  change — at  any  rate 
it  does  not  interfere  with  the  action  of  the  atoxyl ;  the  lactate 
is  very  irritating,  even  in  doses  of  one-third  of  a  minim  of  the 
ordinary  hypodermic  sohition,  and  it  is  not  so  effective  as  the 
succinimide ;  the  sozoiodol  appears  to  come  between  these 
two  in  point  of  efficiency.  But  in  our  experience  there  is  a 
great  difference  in  the  individual  equation  of  rats  with  regard 
to  dosage  and  poisonous  eff'ects,  which  the  consideration  of 
relative  weight  does  not  help  us  to  gauge,  so  that  there  has 
been  difficulty  in  ensuring  the  best  method  of  giving  these 
drugs,  and  of  determining  their  appropriate  quantity.  The 
duration  of  the  disease  has  been  very  greatly  prolonged  in 
most  cases,  and  in  some  we  have  confidence  that  a  cure  has 
been  effected. 

Of  all  the  substances  tried,  atoxyl  has  had  by  far  the  most 
favourable  action,  and  it  is  easily  tolerated,  and  produces  no 
irritation.  But,  as  mentioned  before,  it  has  no  permanent 
effect;  it  causes  the  disappearance  of  the  trypanosomes  from 
the  blood,  even  when  in  very  large  numbers,  but  there- 
remain  behind  certain  forms  of  the  parasites  which  can  resist 
it,  and  which  after  an  interval  can  reproduce  the  general  in- 
fection with  the  indifferent  forms.  These  recurrences _  can 
take  place,  in  oxir  experience,  up  to  as  many  as  seven  times. 
The  resistant  forms  appear  to  be  located  in  the  intermediate 
periods  in  the  bone-marrow,  but  there  is  some  doubt  about 
this  yet,  as  m  some  cases  we  have  failed  to  produce  an  infec- 
tion,' even  with  a  quantity  of  the  marrow.      It  is  probable 
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also  that  some  of  tliese  resistant  forms  liiay  be  found  in  tlie/ 
glands,  and  observations  are  being  carried  out  on  tbese  points. 
±Jut  when  an  infection  is  produced  from  the  marrow  of  tbeso 
atoxyl-treated  rats,  tlie  incubation  period  is  vory  mucli  pixj- 
longed  and  it  may  he  as  long  a^s  nine  days  before  trypanosomes 
can  be  found  in  tlie  blood  of  the  inoculated  animals. 

1  f  ^.^^yi^aPP^ars  to  act  not  by  virtue  of  the  arsenic  in  it  alone, 
but  Its  effects  are  probably  due  to  this  in  combination  witli 
some  other  of  its  constituents,  as  its  action  is  much  more  rapid 
and  comp  ete  than  that  of  any  other  of  the  Simpler  arsenic  com- 
pounds which  we  have  tried. 

The  following  Tables  I.  and  II.  give  the  results  of  treatment 
with  atoxyl  and  succinimide  of  mercury :  this  latter  has  been 
given  either  with  the  atoxyl  or  immediately  after  it,  the  best 
method  being,  we  think,  to  give: two  .or  three  do&es  of  atoxyl 
and  to  give  a  dose  of  succinimide,  of  mercury  at  the  same  time 
as  the  second  and  third  doses,  with  perhaps  one  after.  Some  of 
our  rats  have  had  too  much,  and  we  are  now  giving  less  with 
l>etter  effect.  The  succinimide  has  the  great  advantage  of  being 
unirritatmg  to  the  tissues,  and  it  will  mix  with  atoxyl  without 
precipitation,  and  without,  at  any  rate,  interfering  with  the 
action  of  the  latter. 


Table  I. — N"agana  Rats  treated  with  Atoxyl  and  succinimide  of 
Mercury.    Average  duration  of  untreated  disease,  5-5  days. 


No. 


10 
11 
12 
13 
14 
15 
Ifi 
17 


18 


19 
20 


21 


Weight. 


Grammes, 
175  . 
210 
2n0 
200 
175 
InO 
200 
150 
175 

175 
125 
200 
160 
210 
175 
100 
200 


175 


160 
150 


150 


Quantity 
o£  5  p.  c. 
Atoxyl. 


p.c. 

2-4 

2-85 

2-1 

2-i 

2-0 

T8 

1-  8 

2-  75 

2-  6 

3-  0 

1-  8 

r2 

2-  8 

4-  5 
1-75 
1-4 
41 


6-.35. 


4-1 
3-7 


0-7 


Quantity  of 
Succinimide 
of  Mercury. 


Milli- 
grammes. 
1-5 

1-  75 

2-  5 
2-75 

0-  75 

1-  25 

1-  25 

2-  n 

1-25 

1-25 

0-8 

0-75 

0-  75 

1-  75 
0-5 

0-  25 

1-  75 


2-0 


0  75 
0-5 


075 


Recur- 
rences. 


Lived. 


Days. 
23 
30 
28 

27 


79 
22 


38 

36 
59 


42 
107 


61 
44 


Had  young  on  20th  day. 
Did  not  die  of  disease.' 
Kidneys  degenerated. 
Living  143  days. 
Did  not  die  of  disease. 
Living  140  clays. 
Living  136  days. 

Succinimide  given  too  Ion? 

after  the  atoxyl. 
Living  92  days. 

Living  85  days. 


Living  78  days. 
Living  75  days. 

Trypanosomes  plentiful  at 
time  of  death,  probahly 
atoxyl-proof. 

This  rat  had  5 
Donovan's 

initial  appcaranco  of  try 
panoHomes.  hut,  as  it  had  no 
effect  atoxyl,  and  subse- 
quently succinimide, 
given. 


mmims.  of 
solution  on  the 


■were 


Given  paratolylarsenic  acid 
after  third  recurrence,  which 
killed  the  rat. 

Livi?ig  37  dayx. 
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^able  It.— Surra  Rats  treated  witli  Atoxyl  and  Succinimid©  of 
Mercury.    Average  duration  of  untreated  disease,  6-9  days. 


No. 

Weiffht 

1 

Quantity 
of  5  p.  c. 
Atoxy], 

Quantity  of 
Succinimide 
of  Mercury. 

Recur- 
rences. 

Lived. 

I 

Grammes 
175 

c.c. 
1-5 

Milli- 
grammes. 
2-25 

0 

Days. 

43 

Did  not  die  of  disease. 

0 

175 

1'5 

2-25 

0 

68 

Did  not  die  of  disease. 

3 

150 

1-5 

1-25 

0 

44 

Did  not  die  of  disease. 

4 

200 

51 

275 

3 

63 

B 

125 

1-8 

1-5 

0 

Living  137  days. 

125 

1*8 

0-5 

0 

120 

Did  not  die  of  disease. 

7 

156 

1-8 

0-75 

1 

24 

8 
9 

175 

160 

2-45 
3'3 

ro 
ro 

1 
1 

23 
— 

This  quantity  of  succinimide 
produced  an  acute  nephritis 
in  this  rat,  with  necrosis  of 
the  epithelium  of  the  con- 
voluted tubes,  and  many 
hfflmorrhaees. 

Living  01  day's. 

10 

160 

3  0 

075 

4 

65 

11 

150 

2-4 

075 

2 

32 

12 

160 

21 

0-37 

1 

22 

Treatment  suspended  on  10th 
day. 

Did  not  die  of  disease. 

13 

160 

IS 

0-25 

2 

32 

14 

145 

21 

075 

0 

— 

Liiing  42  days. 

15 

120 

1"9 

0-6 

0 

Living  39  days. 

IC 
17 

125 
200 

3-0 
41 

1-0 
175 

2 
4 

34 

43 

This  rat  had  2  c.c.  iodipin  on 
3rd  day. 

18 

145 

1-05 

0-25 

0 

Living  42  days. 

19 

120 

0'95 

0-5 

0 

Living  39  days. 

20 

145 

1-05 

0-65 

0 

Living  33  days. 

21 
22 

125 
155 

21 
1-5 

075 
1-0 

3 
1 

54 
32 

This  rat  had  at  the  outset 
8  mgms.  in  all  of  arsenious 
acid,  the  atoxyl  being  given 
on  the  first  and  subsequent 
recurrences. 

This  rat  had  also  initial  treat- 
ment -with  arsenious  acid,  oE 
which  it  had  6  mgms.  in  all, 
the  atoxyl  being  given  on 
the  first  recurrence.  The 
rat  did  not  die  of  the  disease, 
but  from  injury  during 
pregnancy. 

(See  also  No.  8,  Table  UI.) 


Table  III.  gives  tlie  results  of  treatment  witli  atoxyl  and 
mercury  sozoiodol,  from  wliicli  it  will  be  seen  tliat  tbe  results 
are  not  so  good  as  those  witb  succinimide  of  mercury.  Mercury 
sozoiodol  will  not  mix  with  atoxyl,  a  dense  precipitate  being 
formed  when  tbe  solutions  are  mixed.  Tbe  solution  used  was 
the  ordinary  hypodermic  solution  (1"5  per  cent.)  prepared  by 
Martindalo. 
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Tal)le_III.— Nagana  and  Surra  Eats  treated  with  Atoxyl  and 
Mercury  Sozoiodol.  Average  duration  of  untreated 
diseases  d'S  and  6*9  days  respectively. 


Disease. 


No. 


Nagana 


Surra 


1 

2 
3 
4 

r  5 

6 
7 
8 


Weight. 


Quantity 
of  5  p.  c. 
Atoxyl. 


Quantity 
oi; 

Mercury 
Sozoiodol. 


Becur- 
rencea. 


Li\  ed. 


I  9 


Grammes. 
200 
150 
145 
155 
275 
150 
315 
150 


150 


0.0. 

1-35 
1-4 

1-  8 

2-  4 
1-8 
1-8 
57 
6'8 


2-7 


Minims. 
1 
1 
1 

1§ 
IS 


Days. 
24 
23 

26 

35 
59 
81 


33 


Living  108  days. 

Living  122  daj/s. 

Did  not  die  of  disease. 

After  second  recurrence 
with  mercury  sozoiodol, 
succinimide  of  mercury 
was  substituted,  of 
which  075  mgm.  was 
given  in  all. 

After  first  recurrence,  this 
rat  was  given  succini- 
mide of  mercury,  of 
which  it  had  1  mgm. 
in  all. 


T&hle  ly.  gives  tlie  results  of  treatment  witli  atoxyl  and 
lactate  of  mercury,  wliicli  are  less  good  tlian  those  with 
succmimide  and  .soziodolate  of  mercury.  This  druo-  has  the 
disadvantage  of  being  very  irritating  to  the  tissues,  and  also  of 
tormmg  a  precipitate  when  mixed  with  atoxyl.  The  solution 
used  was  the  ordinary  hypodermic  solution  (2-5  per  cent.)  pre- 
pared by  Martmdale.  ^      y  j  f 

Table  IV.— Nagana  and  iSurra  Eats  treated  with  Atoxyl  and 
Lactate  of  Mercury.  Average  duration  of  untreated 
diseases,  5-5  and  6-9  days  respectively. 


Disease.  No. 


Weight. 


Nagana 


Surra  .. 


Grammes 
175 
150 
1.50 
175 


200 
275 
175 
315 
125 


Quantity 
of  5  p.  c, 
Atoxyl. 


c.c. 

1-  85 

2-  1 
1-5 

3-  65 


3-9 

3-45 

1-2 

3-6 

3-0 


Quantity 
of  Lactate 
of 

Mercury. 


Recur- 
rences. 


Minims. 
1 
1 
1 
1 


Lived. 


Days. 

25 
26 
23 
31 


32 
30 
21 
24 
35 


This  rat  had  0-5  mgm.  of 
succinimide  of  mercury 
after  first  recurrence. 

Did  not  die  of  disease. 

This  rat  had  1  mgm.  of 
succinimide  of  mercury 
after  first  recurrence. 


Table  V.  gives  the  results  of  a  few  experiments  made  with 
atoxyl  and  Donovan's  solution  (lig.  arsenic  et  hydrarg  iodid  ) 
wliich  are  somewhat  encouraging.  During  the  last  month  a 
1  r^"""^  extensive  series  of  experiments  have  been 
started  The  poisonoiis  effects  of  Donovan's  solution  show 
themselves  m  the  intestines,  which  become  intensely  inflamed, 
whereas  the  effects  of  too  large  doses  of  succinimide  of  mercury 
show  themselves  principally  in  the  kidney,  in  the  form  of  an 
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acute  iuflammation  going  on  to  necroses  witli  multiple 
iiscmorrliages. 


-able  \'.— Nagana  and  Surra  liats  treated  witli  Atoxyl  and 
Donovan's  Solution.  Average  duration  <jf  untreated 
diseases,  S'S  and  6-9  days  respectively. 


Disease. 

'No. 

Weight. 

Quantity 
of  5  p.  c. 
Atoxyl 

Quantity 

or 

Donovan's 
Solution. 

Recur- 
rences. 

Lived. 

Nagana 
fiurra  .. 

.1 

r  2 

3 
4 

5 

I  6 

Grammes. 
130 

175 
150 
200 

190 

300 

c.c. 

1-  8 

.T7 

2-  4 
2-25 

2'25 
1-0 

Minims. 
5 

17 
15 

4 

+  0-5  c.c. 

5 
S 

2 

4 
3 
1 

1 

0 

Days. 
38 

72 
28 

23 

Tliis  rat  had  2-5  c.c.  1/400 
monophenylarsenic  acid 
after  first  recurrence ; 
tills  iciiiuvou  itie  iry- 
panobomes  Irom  the 
blood,  but  a  sejond  re- 
currence took  place  11 
days  later. 

Living  67  dai/n. 

The  0"o  c.c.  of  Donovan's 
solution  was  given  to 
test  dosage.*  Next  day 
the  rat  became  very  ill, 
and  died  two  days  after 
with  acute  enteritis.  No 
kidney  lesion. 

Livinfj  36  days. 

'  See  paper  by  Drs.  Moore,  Nierensteiu,  and  Todd,  before  referred  to. 


Table  VI.  gives  tlie  results  of  a  series  of  experiments  made 
with  atoxyl  and  iodipin.  This  latter  is  a  solution,  or  mixture, 
of  iodine  in  oil  of  sesame,  made  by  Merck,  who  kindly  placed 
some  at  our  disposal,  and  it  is  stated  to  be  unirritating,  and  it 
can  be  given  in  large  doses  with  safety.  The  results  are  suffi- 
ciently encouraging  to  suggest  a  further  trial  of  this  com- 
bination. The  oil  takes  a  very  long  time  to  get  absorbed;  it 
becomes  colourless  from  absorption  of  the  iodine,  and  appears 
to  cause  no  irritation  in  the  tissues. 


Table  VI. — Nagana  and  iSurra  Rats  treated  with  Atoxyl  and 
Iodipin.    Average  duration  of  untreated  disease,  5'5  and' 
6"9  days  respectively. 


Disease. 

No. 

Weight 

Quantity 
of  5  p.  c. 
Atoxyl. 

Quantity 
of 

Iodipin. 

Recur- 
rences. 

Lived. 

Grammes. 

CO. 

c.c. 

Days. 

r  1 

275 

4-9 

7'5 

2 

35 

■i 

ir.0 

5'4 

9-5 

5  . 

71 

1-.0 

1-8 

6'0 

0 

26 

Nagana 

< 

4 

195 

1-5 

2-(l 

fl  1 

112 

Did  not  die  of  disease. 

I 

175 

2-1 

6-0 

2 

23 

Did  not  die  of  disease. 

275 

4-0 

7-.i 

0 

29 

Did  not  die  of  disease. 

7 

175 

4-5 

7-n 

3 

44 

(  ^ 

175 

1-0 

4-0 

0 

57 

Had  eight  young  towards 

end  of  treatment. 

<l 

195 

1-5 

2'n 

0 

Living  132  days. 

10 

195 

1-5 

2-0 

0 

Living  132  days. 

11 

141 

6-6 

12-0 

2 

44 

Surra  .. 

12 

250 

4-1 

4-0 

1 

29 

Did  not. die  of  disease. 

13 

250 

4-0 

■  4-II 

•> 

24 

14 

215 

4'5 

6-5 

0 

Llcivg  103  days. 

1.1 

165 

2-11 

4-5 

2 

33 

16 

150 

3-.S 

fi-n 

•J 

31 

Did  not  die  of  disease. 

07 

1.50 

1-8 

2-5 

i' 

20 

Did  not  die  of  disease. 
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The  Production  of  an  Atoxyl-pkoof  Kack  of 
Trypanosomes  in  Rats. 

This  plienoiBeuou  is  of  great  biological  and  tlierapeutical 
interest,  and  needs  nineli  further  research  yet,  both  for  its 
explanation,  and  its  bearing  on  treatment. 

In  certain  rats,  after  treatment  with  atoxyl,  a  number  of 
recurrences  may  take  place— we  have  seen  as  many  .as  seven: 
these  recurrences  at  first  yield  to  treatment  with  atoxyl  but  as 
the  case  progresses  towards  its  end,  the  recurrences  occur  at 
shorter  and  shorter  intervals,  until  one  comes  to  a  time  when 
they  can  be  no  longer  affected  by  atoxyl.    The  trypanosomes 
in  this  case  have  become  atoxyl-proof.    Ehrlich  succeeded  in 
producing  an  atoxyl-proof  strain  of  Nagana  in  mice,  and  we 
have  succeeded  m  producing  atoxyl-proof   strains    of  both 
iNagana  and  Surra  m  rats.      One  point  of  importance  bio- 
logically IS  that  these  atoxyl-proof  trypanosomes  do  not  lose 
their  resistance  to  atoxyl  on  transference  into  other  rats,  and 
we  have  cariaed  this  strain  on  in  Nagana  through  a  series  of 
eight  successive  rats,  and  in  Surra  through  a  series  of  six  rats 
without  any  loss  of  their   atoxyl-proof  properties.  When 
treated  with  atoxyl,  even  in  large  doses,  multiplication  goes  on 
just  as  rapidly  as  m  untreated  animals,  and  the  rats  die  at  the 
usual  time    Our  cases  have  been  given  atoxyl  to  test  them, 
and  have  been  then  treated  with  various  substances,  as  set 
forth  in  the  table  below.    Of  these  substances,  trypanroth  and 
some  form  of  mercury  have  given  the  best  results.    In  thinking 
of  human  trypanosomiasis  in  this  connection,  the  dauo-er  of 
the  production  of  an  atoxyl-proof   strain   will  be   at"  once 
apparent :  so  that  atoxyl  should  be  given  to  human  beings  with 
the  greatest  care  and  forethought. 

The  following  Table  YII.  summarises  the  few  results  we 
have  obtained  so  far.  Eat  No.  1  was  inoculated  from  a  Nagana 
rat  which  had  become  uniufluenc^l  by  atoxyl  after  the  third 
recurrence,  before  which  large  and  repeated  doses  had  been 
given:  and  Rat  No.  11  was  inoculated  from  a  Surra  rat  in  a 
similar  condition. 
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[Reprinted  from  the  PeoCEEDINGS  OF  THE  EoYAL  SOCIETY 

B.  Vol.  80.] 

26.  FURTHER  RESULTS  OF  THE  EXPERIMENTAL 
TREATMENT  OF  TRYPANOSOMIASIS  IN 
RATS;  BEING  A  PROGRESS  REPORT  OF  A 
COMMITTEE  OF  THE  ROYAL  SOCIETY.* 

Bj  H.  G.  Plimmer,  F.L.S.,  and  J.  D.  Thomson,  M.B.,  CM. 

(Communicated  by  Sir  Ray  Lankester,  K.C.B.,  F.R.S.,  Chair- 
man of  the  Tropical  Diseases  Committee.  Received 
October  28th,— Read  November  7th,  1907.) 

[Plate  L] 

The  following  results  are  a  continuation  of  the  work  already 
clescribod,  and  the  experiments  Kave  been  carried  ont  upon  rats 
inoculated  with  the  same  .strains  of  Nagana  and  Surra  :  — 

Condition  of  the  Animals  living  at  the  Date  of  the 
Completion  of  the  Tables  in  the  former  Paper. 

of  MercuJy~^''^^^^  ^'^^^  treated  with  Atoxyl  and  Succinimide 

No.  4  is  still  living  and  well  229  days  after  inoculation. 
»    7       „  „  222  „ 

"10       »  „  178  „ 


"  »5 


»  21    .   «  »  63 

„    6  died  on  the  214th  day  after  inoculation 
»  12         „  iioth 
"  16         „  81st 


In  these  rats  the  livers  were  found  to  be  pale  and  fatty,  and 
the  kidneys  degenerated:  these  were  pale  and  fatty,  with 
fibrous  streaks,  and  the  urine  of  Nos.  12  and  16,  found  in  the 
bladder  post-TmHem,  contained  albumen.  They  did  not  die  of 
tlie  disease,  as  no  trace  of  trypanosomes  could  be  found  in 
either  of  them,  but  of  the  degenerative  changes  mentioned. 

o  This  Committee,  which  planned  and  supervised  the  investigations  was 
appomted  by  the  Tropical  Diseases  Committee  for  the  purSs  of  S 
expenmental  enquiry,  and  consists  of  the  following  mLK  P,nLl^ 
J.  Rose  Bradford,  Colonel  Bruce,  Professor  Cushn^anS  Mr  H  G  Simmer 
A  preliminary  summaij  of  the  results  of  the  enqSry  has  abeadyapXed 
m  the  "  Proceedings  of  the  Royal  Society "  fB,  vol  79  1907  nn  '^^m  A 

f^J^l  body  of  Ihe^LikeflSi  ato't^,^e  fnve'stS- 

tiODS  have  been  carried  on  in  the  laboratories  of  that  institution  '""^^'^'^^ 
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Table  II. — Surra  ruts  treated  with  Atoxyl  and  Succiuimid© 
of  Mercury. 

No.  5  died  on  the  2U6th  day  after  inoculatiou,  of  pneumonia. 
„    9  „        169th  „ 

55  I'i  55  61st    „   from  an  unnoticed  recurrence. 

55  15  „  59th    „   from    paralysis    after  three 

recurrences. 

55  18  „         61st    „  . 

55  19         „         59th    „  . 

55  20  „  57th    „    after  five  recurrences,  becoming 

finally  atoxyl-proof. 

In  Nos.  5  and  9  tlier©  was  also  evidence  of  fatty  and  fibrous 
degeneration  of  the  kidneys. 

Of  tliese  rats  only  in  Nos.  14  and  20  was  tbere  any  evidence 
that  they  died  of  the  disease. 

Table  III. — Rats  treated  with  Atoxyl  and  Mercury  Sozoiodol. 
No.  5  is  still  living  and  well,  208  days  after  inoculation. 
„    3  died  on  the  181st  day  after  inoculation. 
(The  kidneys  and  liver  of  No.  3  were  very  fatty.) 

Table  V. — 'Rats  treated  with  Atoxjd  and  Donovan's  Solution. 
No.  2  died  on  the  70th  day  after  inoculatiou. 
„    6         „        121st         „  „ 

(The  kidneys  of  No.  2  were  degenerated,  those  of  No.  6 
markedly  so,  being  pale  in  colour  with  yellow  streaks,  aud  very 
friable  ;  there  was  albumen  in  the  urine.) 

Table  VI. — ^Rats  treated  with  Atoxyl  and  lodipin. 
No.  9  is  still  living  and  well  218]days  after  inoculatiou. 
„  10  died  on  the  141st  day  after  inoculation. 
„  14         „  178th 

(No.  14  had  also  1*2  milligrammes  of  succinimide  of  mercury. 
The  kidneys  of  this  rat  were  degenerated,  and  it  had  albumen  in 
its  urine.) 

From  the  above  list  it  will  be  seen  that  tbe  principal  patho- 
logical lesion  in  those  rats  which  have  been  treated  with  atoxyl 
and  some  compound  of  mercury  and  have  lived  for  a  very  long 
time  after  inoculation,  being,  we  think,  cured  of  the  disease,  is 
a  degeneration  of  the  kidneys ;  and  in  most  of  these  rats  this 
was  the  only  lesion  found  post  mortem.  This  will  be  referred  to 
later  in  mentioning  further  treatment  with  mercury. 

Atoxyl  and  Calomel. 

Twelve  rats  have  been  treated  with  atoxyl  (throe  to  five  doses) 
and  then  with  subcutaneous  and  intramuscular  injections  of 
calomel,  in  doses  of  1  minim  of  Colonel  Lanibkin's 
formula.  It  is  difficult  in  rats  to  make  the  injection  into  the 
muscles,  and  in  all  cases  necrosis  occurred  at  the  site  of  the 
injection ;  no  better  result  was  attained  than  by  treatment  with 
atoxyl  alone,  with  subsequent  recurrences  and  death. 
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Ato5:yl  and  Sdccinimide  of  Mercury. 

Further  experiments  have  been  made  with  this  combination, 
iu  which  the  .dose  of  the  mercury  salt  has  been  increased  up  to 
1  milligramme.  The  12  rats  oi  this  series  are  all  dead,  and 
showed  acute  kidney  changes:  inflammation,  going  on  to 
necrosis  of  the  epithelium,  multiple  htemorrhages,  etc. 

Atoxyl  and  Donovan's  Solution. 

Nine  further  experiments  have  been  made  with  this  com- 
bination, also  in  larger  doses ;  but  these  larger  doses  have  been 
invariably  fatal,  with  lesions  both  of  the  intestines  and  kidneys. 
The  doses  were  arranged  upon  the  basis  of  the  doses  recorded, 
with  such  good  results,  by  Drs.  Moore,  Nierenstein,  and 
Todd;*  but  one  of  us  has  received  a  letter,  since  the  experi- 
ments were  completed,  from  Dr.  Nierenstein,  stating  that  the 
Donovan's  solution  used  in  their  experiments  was  diluted  with 
an  equal  part  of  water. 

Atoxyl  and  Liq.  Hydrarg.  Perchlor. 

A  series  of  12  rats  was  treated  with  this  combination  on  the 
lines  laid  down  in  the  paper  above  referred  to,  by  Drs.  Moore, 
Nierenstein,  and  Todd.  The  results  obtained  by  them  gave 
much  hope  that  this  combination  would  be  especially  useful. 
But  we  have  not  been  able  to  get  such  good  results.  Out  of 
12  rats  so_  treated  only  one  is  alive  at  the  97th  day,  the  others 
having  died  with  acute  renal  lesions.  Of  course,  really  com- 
parative results  are  always  difficult  to  obtain,  and  in  rats  the 
individual  equation,  with  regard  to  dosage,  and  to  resistance 
both  to  drugs  and  to  disease,  is  a  very  varying  one.  We  have, 
for  instance,  found,  with  the  rats  we  have  used,  that  the  white 
ones  are  more  susceptible  both  to  diseases  other  than  trypano- 
somiasis and  to  drugs  than  the  black  and  white  ones  are;  and 
we  find  the  grey  are  the  least  susceptible. 

_  From  the  above,  considering  both  those  experiments  recotded 
m  our  former  paper  which  have  since  ended  fatally,  and  the 
more  recent  and— as  regards  dosage— bolder  experiments,  we 
are  forced  to  the  conclusion  that,  in  small  animals  at  any  rate 
mercury  has  not  in  our  hands  given  altogether  satisfactory 
results.    Perhaps  it  may  be  a  question  of  dosage;  we  have 
however,  tried  to  enlarge  the  range  of  dosage,    as   far  as 
possible,  from  homoeopathic  doses  to  large  ones,  without  attain- 
ing a  large  percentage  of  cures.    If  the  dose  of  mercury  be 
sufficient  to  aid  the  atoxyl,  as  in  the  cases  brought  forward 
from  our  last  paper,  we  have  found,  in  those  cases  which  have 
died,  chronic  kidney,  and  in  a  less  degree  liver,  lesions,  which 
seem  to  be  the  late  result  of  those  more  acute  changes  M^hich 

*  "0"       Treatment  of  Trypanosomiasis  by  Atoxyl    .    .    .       folic  wed 
by  a  Mercurial  Salt,  &c.,"  "  Biochemical  Journal,"  vol.  2,  Nos.  5  and  G. 
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we  have  found  in  those  animals  which  have  died  earlier  either 
to"t"he  ZT^'""''^  '"^^^  want  :f  rosi^^^^^^^^^^^ 

suc^'t'Kit' ^^^^  ^         ''^r''''  tryPano^ome  disease 

favournwi  f'^''^?  be  more 

layourable  We  have,  for  instance,  two  Sleeping  Sickness 
rats  inoculated  on  April  15,  which  have  been  Sated  with 
quite  small  doses  of  atoxyl  and  succinimide  of  mercury  and 
m  wliicli  no  trypanosomes  have  been  found  since  May  4'-'thev 
appear  to  be  quite  well.  We  have  also  another  Sleeping  Sick^ 
ness  rat,  inoculated  on  May  6,  which  has  been  treated  only 
with  atoxyl  and  m  which  no  trypanosomes  have  been  found 
since  May  28.  But  m  the  more  acute  forms  of  trypanoso- 
miasis,  such  as  Nagana  and  Surra,  the  method  of  treatment  bv 
atoxyl  and  some  form  of  mercury  has,  in  our  experience,  almost 
invariably  led  to  degenerative  lesions,  principally  in  the 
kidneys,  which  has  been  a  cause  of  death  long  after  any  trace 
oi  trypanosomes  could  be  found,  when  we  have  believed  that 
the  animal  has  been  quite  cured  of  the  initial  disease. 

TlODINB. 

A  few  rats  were  treated  with  this  substance,  which  is 
thiosinaminethyhodide  (C.SN^H.sT).  In  doses  of  10  minims 
it  IS  immediately  fatal  to  rats,  although  it  is  stated  to  be  non- 
poisonous  to  man,  and  in  doses  of  5  minims  caused  death 
withm  ^4  hours;  m  smaller  doses,  alone  or  in  combination  with 
atoxyl,  it  had  no  influence  on  the  disease. 

Certain  Antimony  Compounds. 

The  treatment  with  arsenic  compounds  was,  as  has  been 
staged,  attended  with  only  partial  success.  Professor  Cushny, 
F.R.S.  who  has  advised  us  on  pharmacological  matters 
throughout  these  investigations,  sent  us  for  trial  a  weak  com- 
bination of  glycine  and  antimony,  attempts  to  form  an 
antimony  compound  analogous  to  atoxyl  having  failed.  When 
injected  into  inoculated  rats,  the  antimony  glycine  was  found 
to  possess,  in  a  less  degree,  the  power  of  the  antimony  com- 
pounds described  below;  it  reduced  the  number  of  trypano- 
somes,_  and  caused  their  disappearance  from  the  blood  for  a 
time,  if  they  were  not  very  numerous. 

But  the  combination  was  difficult  to  make,  varied  in 
strength,  and  its  solution  was  very  dilute,  and  its  use  was 
abandoned  when  it  was  found  that  the  other  antimony  com- 
pounds, described  below,  were  so  much  more  effectual 

Potassium  Antimonyl  Tartrate. 

Potassium  antimonyl  tartrate  (tartar  emetic),  which  is  easily 
soluble,  was  then  tried.  In  doses  of  1  c.c.  of  a  1  per  cent, 
solution  it  proved  fatal  within  24  hours  to  four  inoculated  rats 
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of  weights  varying  from  190  to  225  grammes,  but  it  was  noticed 

that  the  trypanosomes  had  greatly  diminished  in  number.  It 
was  also  noticed  that  the  rats  appeared  to  he  ill  and  faint  for  a 
short  time  after  the  injection :  they  were  unsteady  and  some- 
times rolled  about.    This  was  at  the  time  attributed  to  the 
depressing  effect  of  the  potassium   in  the   compound,  and 
suggested  the  making  and  using  of  the  substance  described 
below,  with  which  all  of  our  experiments  have  so  far  been 
done.    The  question  of  the  effect  of  this  particular  salt  on  the 
rats  themselves  will  be  mentioned  later.    Experiments  are  in 
progress  for  the  purpose  of  comparing   the  actions  of  the 
potassium  and  sodium  compounds:  the  latter  would  seem  to 
possess  some  theoretical  advantage,  especially  in  treating  larger 
animals,  when  the  dose  will  have  to  be  pToportionally  larger. 

Sodium  Antimony  l  Tartrate. 

Through  the  kindness  of  Dr.  R  H.  Aders  Plimmer,  of 
University  College,  we  have  been  able  to  obtain  and  use  this 
compound,  which  is  the  sodium  salt  corresponding  to  potassium 
antimonyl  tartrate.  He  has  prepared  a  quantity  of  the  pure 
substance  for  us,  in  crystalline  form,  and  has  written  the 
appended  JSTote*  upon  its  chemistry. 

This  substance  in  1  per  cent,  solution  is  that  which,  of  all 
the  various  bodies  mentioned  in  these  papers,  including  atoxyl, 
has  the  most  marked  and  remarkable  influence  upon  trypano- 
somes in  the  living  body.  Although  our  experiments  with  it 
are  not  many,  nor  of  long  duration,  the  results  so  far  seemed 
sufficient  to  induce  us  to  call  the  attention  of  other  workers  in 
this  field  to  it. 

The  injection  of  this  compound  causes  no  pain,  nor  does  it 
produce  any  inflammation  of  the  tissues;  and  the  results  of 
the  injection  are  very  striking.  The  trypanosomes  disappear 
with  great  rapidity  from  the  blood,  and  in  the  majority  of  the 
cases  treated  so  far  there  has  been  no  recurrence ;  and  inocula- 
tions made  from  animals  which  have  been  killed,  or  have  died, 
have  been  invariably  negative.  It  acts  much  more  quickly 
than  atoxyl,  and  its  dose  is  very  much  smaller,  and  it  does 
not  produce  any  undesirable  effects  on  the  animals,  and  recur- 
rences are  very  much  less  frequent  than  is  the  case  when 
atoxyl  has  been  used. 

We  have  used  a  1  per  cent,  solution  of  the  solid  salt,  but 
this  is  quickly  invaded  by  moulds,  and  needs  the  addition'  of  a 
crystal  of  thymol,  or  of  0-25  per  cent,  of  formalin.  The 
question  of  dosage  is  still  under  observation.  "We  have  tried 
many  ways,  and  at  present  we  are  inclined  to  think  that  a  full 
dose  {e.g.,  O'S  c.c.  of  a  1  per  cent,  solution  for  a  rat  of  200 
grammes  or  over)  should  be  given  when  the  trypanosomes  are 


*  See  Note  at  end  of  paper,  p.  117, 
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fan-iy  plentiiul  m  the  Wood,  and  then  repeated  at  intervals  of 
one,  two  and  three  days,  up  to  about  four  doses,  and  thereafter 
m  weekly  doses  for  a  month.  But  we  have  good  results  in 
cases  m  which  a  dose  has  been  given  on  four  successive  days,  also 
when  given  every  other  day,  and  so  on  up  to  once  every  five  days, 
without  any  recurrence  up  to  as  many  as  52  days ;  but  of  two 
cases  dosed  at  five-day  intervals,  one  has  recurred  and  one  has 
not.  As  regards  the  quantity  which  can  be  taken,  we  have  one 
rat  of  130  grammes  weight  which  has  taken  0-5  c.c.  of  a  1  per 
cent,  solution  on  the  3rd  day  (when  trypanosomes  were  plenti- 
ful m  tlie  blood),  and  again  on  the  5th,  0-29  c.c.  on  the  (itli 
and  7th  days,  and  0-25  c.c.  on  the  8th,  9th,  10th,  12th,  13th, 
14th,  15th,  16th,  ITth,  and  19th  days,  and  it  is  still  living  and 
well  on  the  43rd  day,  and  has  had  no  recurrence.  When  it  is 
given  in  a  full  dose  for  the  first  time  to  rats  whose  blood  is 
swarming  with  trypanosomes,  the  rat  generally  becomes  very 
restless,  and  rolls  about;  its  respirations  become  very  quick, 
and_  it  appears  to  be  ill.  These  symptoms  were  noticed  in  the 
initial  experiments  with  tartar  emetic,  and  were  attributed  to 
the  potassium  contained  in  it,  but  we  think  that  they  are  more 
probably  due  to  the  changes  in  the  blood  caused  by  the  destruc- 
tion or  solution  of  the  trypanosomes,  which  occurs  very  rapidly, 
as  they  do  not  occur  after  the  second  dose,  when  there  are  no 
trypanosomes.  Recovery  has,  so  far,  always  taken  place  from 
this  condition,  but  it  would  seem  advisable,  in  cases  where  the 
first  dose  is  delayed  until  the  blood  is  swarming  with  trypano- 
somes, to  give  the  dose  in  two  halves  at  intervals  of  a  few 
hours. 

The  quickness  of  the  action  of  sodium  antimonyl  tartrate  is 
very  remarkable.  In  one  rat,  whose  blood  was  swarming  with 
trypanosomes,  a  dose  of  0"35  c.c.  of  a  1  per  cent,  solution  caused 
their  entire  disappearance  from  the  blood  within  half  an  hour ; 
and  in  two  other  cases,  in  which  the  blood  contained  very  large 
numbers  of  trypanosomes,  after  injection  of  0"33  c.c.  only  a 
few  oould  be  found  at  the  end  of  half  an  hour,  and  in  one  after 
an  hour  none  could  be  found,  and  in  the  other  only  one  in  an 
ordinary  blood  preparation  (see  Plate  1).  In  these  cases  a  few 
trypanosomes  can  sometimes  be  found  in  the  liver,  and  these 
are  extremely  active  and  in  no  way  inconvenienced  by  the 
drug ;  whether  these  are  the  forms  "vvhich  can  persist,  and  need 
to  be  tired  out  by  successive  doses,  we  cannot  say  at  present, 
but  their  extreme  activity,  when  all  the  others  has  disappeared, 
is  suggestive.  We  have  up  to  the  present  not  detected  any 
morphological  differences  in  them. 

A  striking  instance  of  the  power  of  this  compound  over 
trypanosomes  is  seen  in  the  case  of  a  guinea-pig  which  was 
inoculated  with  Trypanoaovia  (jamhiense  on  April  9.  From 
July  3  to  September  16,  trypanosomes  were  present  in  the 
blond,  latterly  in  quantity,  and  the  animal  was  dying  on 
September  16;  its  eyelids  were  oedematous  and  nearly  closed: 
it  had  oedema  of  the  genitals  and  anus,  and  a  diacharge  of 
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bloody  mu€us  from  the  rectum,  and  its  hair  was  coming  out  in 
laro-e  patches.  At  thxs  date-September  16-is  waf  given 
hod  P^Vlr  1^'"         f  ;  17tli  the  trypanosomes 

the  ^'^^  §™ '        ^^^^  19th 

^nd  on  Ast  1  'IJg'f 'r^''  "^''^^  ^^11'  on  this  day, 
'nne.ied  ntl^f       .  '  ^he  cedema  dis- 

appealed  and  it  continued  to  look  well,  and  showed  no  more 
trypanosomes.  It  lived  until  October  14,  when  T  died  Z  t- 
mortem  the  organs  were  congested  and  the  kidney  wre^Tn- 

facrthafthe  "  •  "        '^^^^'^^^  albumen  tL 

commenced    fJ^'^^'''  ^^^^       treatment  was 

cZTtion  ^   ^'^^'^o^ably   account   for  the  pathological 

so  &r  of^tTiT  f       the  general  results,  as  obtained 

tL  v)'r..l        tTeatment  wi  h  sodium  antimonyl  tartrate.  Of 

S  /rst  w  th  r'r'"'^^  ?        '"^H'       fi^"^*  3  had  been  treated 
at  dirst  with  antimony  glycine;  and  of  the  11  of  the  remainino- 
36  which  have  died,  6  did  not  die  of  the  disease,  and  there 
remain  alive  and  well  3  of  52  days,  1  of  49,  7  of  44?  8  of ll! 
4  of  31   and  2  of  21;  and  of  these  25,  23  have  had  no  recur 
rence.  It  will  be  seen  that  8  of  the  rats  (4  Jfagana  and  4  Surra) 
have  been  treated  with  mercury  in  additiof  to  the  sodYum 
antimony!  tartrate,  m  order  to  see  if  these  obtained  therebv 
any  advantage  over  those  not  so  treated.    So  far  as  we  can  teH 
at  present,  there  seems  to  be  no  obvious  advantage    one  of  the 
i^agana  rats  treated  with  liq.  hydrarg.  perchlor  t as  had  three 
recurrences,  and  one  Surra  rat  treated  with  succinimide  S 
mercury  has  died  after  one  recurrence.  succmimide  of 

SoDTUM  Arsenyl  Taetrate. 

As  the  results  with  the  sodium  antimonyl  tartrate  were  so 
definite,  it  seemed  worth  while  to  investigate  the  eifect  of  the 
corresponding  arsenic  compound  ^ 
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Sodium  Arsenyl  Tartrate  or  Sodium  Tartrar senile. — This 
compound  was  investigated  by  Henderson  and  Ewing*  in  1895, 
wlio  gave  it  the  formula  AsONaC.jH,iOr,.2^HiO. 

It  was  prepared  for  tliese  experiments  by  dissolving  one 
equivalent  of  arsenious  oxide  in  two  equivalents  of  acid  sodium 
tartrate,  filtering,  evaporating  to  a  small  volume,  and  adding 
alcohol  till  crystallisation  commenced;  on  cooling,  the  sub- 
stance crystallised  out. 

This  substance  does  not  seem  to  be  anything  like  so  effective 
as  the  antimony  compound.  Of  five  rats  which  have  been 
treated  with  it,  four  died  between  the  12th  and  24th  days,  and 
three  of  these  had  a  recurrence ;  one  is  still  living  on  the  21st 
day,  but  we  think  that  this  is  probably  due  to  the  sodium 
antimonyl  tartrate  which  was  given  after  a  recurrence,  in  the 
same  way  as  if  from  the  beginning  of  the  disease. 

A  mixture  of  equal  parts  of  a  1  per  cent,  solution  of  sodium 
antimonyl  tartrate  and  of  sodium  arsenyl  tartrate  has  been 
tried  on  six  rats.  One  died  on  the  14th  day  and  the  five  others 
are  still  living  on  the  21st  day  without  any  recurrence. 

Immunitt. 

With  a  view  of  ascertaining  what  amount  of  immunity,  if 
any,  had  been  conferred  on  an  animal  which  we  considered 
to  be  cured,  a  Nagana  rat  was  taken  which  was  inoculated  on 
May  13,  and  had  been  afterwards  successfully  treated  with 
atoxyl  and  succinimide  of  mercury,  and  in  which  no  trypano- 
somes  had  been  found  since  it  had  its  first  dose  on  May  16, 
when  the  trypanosomes  were  very  plentiful  in  the  blood.  On 
October  7,  the  147th  day,  the  rat  was  re-inoculated  from 
another  Wagana  rat,  and  on  the  11th  trypanosomes  were 
present  in  numbers  in  the  blood ;  a  dose  of  sodium  antimonyl 
tartrate  was  given  and  no  trypanosomes  have  been  seen  since 
the  12th.  This  seems  to  point  to  the  fact  that  no  immunity 
is  conferred. 

DESCRIPTION  OF  PLATE. 

The  microphotographs  were  made  from  rough  blood-preparations,  with  a 
low- power  objective  (Zeiss  8  mm.),  in  order  to  demonstrate  the  rapid 
disappearance  of  the  trypanosomes  from  the  blood  after  administration  of 
sodium  antimonyl  tartrate. 

Fju.  1  shows  the  blood  of  a  Nagana  rat,  4  days  after  inoculation  hffore 
tre'ilment. 

Fig.  2  shows  the  blood  from  the  same  rat  half  a7i  hour  after  the  injection 
of  0-35  c.c.  of  a  1  per  cent,  solution  of  sodium  antimonyl  tartrate. 

Fig.  3  shows  the  blood  from  the  same  rat  one  hour  after  administration  of 
the  above  dose. 


*  Henderson  and  Ewing  "  Chem.  Soc,  Trans.,"  1895,  vol.  67,  p.  103. 
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27.  NOTE   UPON   SODIUM  4.NTIM0NYL 
TARTRATE. 

By  R.  H.  AoERS  Plimmek,  D.Sc.  Lond. 
Sodium  autiraonyl  tartrate  was  described  in  1842  by  Dumas 
Qlnu'"^'!  /^^i\g'«^e  it  the  constitution  CJi^OioNaO, 
hb,U3H,O  t  but  did  not  state  how  thej  had  prepared  it. 
Uarke  and  EyansJ  obtained  a  compound  of  the  composition 
3Na,C,H,0e  4-  2Sb(OH)3  +  3H,0,  in  1883,  by  saturating  tartaric 
acid  with  antimony  trioxide  and  neutralising  the  solution  with 
sodium  carbonate.  The  first  compound  does  not  seem  to  have 
been  prepared  again  smce  1842. 

Sodium  antimonyl  tartrate  was  prepared  according  to  the 
methods  usually  given  for  preparing  tartar  emetic,  by  boiling 
a  solution  of  acid  sodium  tartrate  (13  grammes)  with  a  little 
more  than  the  calculated  quantity  (10  grammes)  of  antimony 
trioxide  until  the  latter  had  almost  completely  passed  into 
solution  On  filtering  and  concentrating  the  solution  to  a 
small  volume  no  crystallisation  occurred,  but  on  adding  a  little 
alcohol  the  whole  became  solid.  This  was  then  dissolved  in 
about  twice  Its  volume  of  hot  water,  and  alcohol  was  added 
until  precipitation  commenced,  when,  on  cooling,  the  sodium 
antimonyl  tartrate  crystallised  out.  This  compound  at  the 
ordinary  temperature  dries  very  slowly  and  has  a  moist  appear- 
ance, but  when  dried  in  vacuo  over  sulphuric  acid  it  becomes 
anhydrous  and  loses  2i  molecules  of  water  of  crystallisation 
resembling  sodium  tartrarsenite  in  this  respect.  The  substanc^ 
IS  very  easily  soluble  in  water  and  its  solution  reacts  faintly 
acid  to  litmus. 

0-  7228   gramme   air-dried    substance   lost  in   vacuo  over 

sulphuric  acid  0-0920  gramme  H20  =  12-73  per  cent. 

1-  053R    gramme   air-dried   substance   lost  in  vacuo  over 

sulphuric  acid  0-1338  gramme  H,O  =  12-70  per  cent. 
Calculated  for  C4H,0,NaSb.2iHoO."  H20  =  12-8  per  cent. 

I.  0-4058  gramme  substance  dried  in  vacuo  over  sulphuric 

Na  SO^^^  0-2332  gramme  SkSs  and  0-0974  gramme 

II.  0-3780  gramme  substance  dried  in  vacuo  over  sulphuric 
Na  SO^^^  0*2072  gramme  Sb.Sa  and  0-0912  gramme 

Calculated   for    C,H,0,NaSb.      Sb  =  39-09    per    cent  • 
Na=7-49  per  cent.  ^ 

Found  Sb=39-28  per  cent. ;  Na=7-77  per  cent. 

IL  Sb=39-14       „  Na=7-Sl 


*  Dumas  and  Piria  "Liebig'n  Annalen,"  1842,  vol  44  n  81) 
t  Old  notation.  '  ^  ^• 

X  Clarke  and  Evans  "  Berichte,"  1883,  vol.  16,  p.  2385. 
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When  dried  at  105°  C,  the  substance  loses  only  two  molecules 
of  water  of  crystallisation  : — 

0-6120  gramme  air-dried  substance  lost  at  105°  C.  0-0640 
gramme  H20  =  10-46  per  cent. 

Calculated  for  C,jH^07NaSb.2H20.    H20  =  10-49  per  cent. 

The  remaining  half  molecule  is  subsequently  lost  in  vacuo  over 
sulphuric  acid. 

0-61 20  gramme  substance  dried  at  105°  C.  then  lost  in  vacuo 
over  sulphuric  acid  0-0110  gramme  HjO.  Total  loss 
=  12-25  per  cent. 

On  exposure  to  air,  the  two  and  a  half  molecules  of  water  of 
crystallisation  are  again  taken  up,  but  the  salt  does  not  deliquesce. 

0-5370  gramme  substance  dried  in  vacuo  over  sulphuric  acid,  on 
exposure  to  air  increased  in  weight  to  0-6066  gramme. 
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H.,  discover  sleeping  sickness  in 
Uganda   


in  sleeping 


))  )i  on  Pneumonia 

sickness 

Cross  inoculation  and  re-inoculation  with  human  blood  aiid 
cerebro  spinal  trypanosomata  

Densham,  Dr.,  investigates  northern  limit  of  G.  paLpalis 
Dichlorobenzidene.    ^ea  under  Drugs. 

Diplo-streptococci  in  sleeping  sickness  

„  inoculation  of,  into  monkeys   

„  See  Cases   

Dissections  of  flies  (Glossinae  and  Slomoxys)  after  feeding  on 

animals  infected  with  trypanosomes  

Dogs.    See  under  Animal  Experiments. 
Donkeys.    See  under  Animal  Experiments. 

Drinking  water,  influence  of,  &c   

Drugs.    Arsenic.    As  a  prophylactic   

„  „         Eifect  on  T.  gamhiense 

))  „         Result  of  observations  on  

),  „         Treatment  of  men  with   

„  »_         Treatment  of  animals  with  

„        Antimony  compounds  tried   

„         Arsenious  acid.    Action  on  trypanosomes   

„         Atoxyl  and  Segregation   

„        Atoxyl.    Treatment  of  Nagana  and  Surra  with 

„        Atoxyl  and  Calomel,  Experiments  with   

„        Donovan's  Solution,  Experiments  with... 
„        Liq.  Hydrarg.  Perchlor.,  Experiments  with 
Succinimide   of  Mercury,  Experiments 
with 

„  Atoxyl.  followed  by  Mercury,  treatment  instituted  ... 
„  Chinolin  compounds.  Action  on  Nagana  and  Surra... 
„        Dichlorobenzidine  +  Acid  H. — Action  on  Nagana  and 

Surra    

„        Iodine,  Experiments  with   

„  Monophenylareenic  acid.  Action  on  trypanosomes... 
„  Nitrophenylarseuic  acid.  Action  on  trypanosomes  ... 
„  Paratolylarsenic  acid.  Action  on  trypanosomes 
„  Potassium  Antimonyl  Tartrate,  Experiments  with  ... 
„  Sodium  Amino  Phenyl  Arsinate.  Sent  for  trial  ... 
))  „      Antimonyl  Tartrate,  Experiments  with 

"  ))  ),  ,,        Note  upon 

)i  „      Arsenyl  Tartrate.   Results  of  treatment  with, 

on  Nagana  and  Surra   

„        Tragaroth.    Results  of  treatment   

„        Trypanroth.    Action  on  Nagana  and  Surra  

')  ))  Result  of  treatment  on  monkeys 

Entebbe,  arrival  of  Commission  at   

„        Filaria  in  neighbourhood   

„        Flies  caught  in  neighbourhood  

Epidemiology  and  etiology  in  East  Equatorial  Africa,  &c.  ... 
Etiology  of  sleeping  sickness   

Faeces  in  sleeping  sickness   

Filaria  demarquii  in  Hritish  Guiana 

„     new  form  of,  in  monkey  
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Filaria  noetuma 
„  perstana 


» 
1) 


Subject. 


and  its  relationship  to  sleeping  sickness 


Its  distribution ...  ...   

Northern  limit  

Fishing  in  the  lakes  and  rivers  to  be  discouraged 
Flies.    Can  other  biting  flies  convey  trypanosomata  ?  " 
„       Provisional  list  of  Diptera,  sent  by  Col.  Bruce 

„       Report  on  collection  sent  by  Christy  

Fly  areas    " 

Fly  ranges   " 

Food.    Influence  of,  on  sleeping  sickness   


11 

See  cases 


"  "  ■■•       •••       •••       •••  ... 

Food  supply  at  the  Segregation  Camps  

Foreshores,  effect  of  clearing,  on  Glossina        ...   ." 

))        suggestion  that  cutting  timber  for  fuel  should  be 

restricted  to  

Forest,  effect  of  clearing  


General  paralysis  and  tabes  of  the  insane 
Geographical  distribution  of  sleeping  sickness 


and  history  in 
Uganda 


G.  palpalis 


Gland  juice  sometimes  becomes  infected  by  bacteria 
i>       11     See  cases 


„  punctures 
Glandular  enlargement. 


Clinical  symptoms  

Early  records  

In  every  case  of  sleeping  sickness, 

and  trypanosomes  present 
In  every  case  of  trypanosoma  fever, 

and  trypanosomes  present 
Incidence  of,  in  general  population 

Pathological  anatomy   

See  Cases   
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Glomna  fuaca.    At  Lake  Albert  Edward   

Distribution   

Does  it  carry  T.  gambiense  from  animal  to 

animal?  ...   

Found  at  Kibwesi,  British  East  Africa 


Found  at  Lake  Rudolph   

longipalpis.  Distribution   

morsiians.  Distribution   

„  „         in  Northern  Uganda 

„         Found  in  Bahr-el-Ghazal  

pallidipes.    Found  at  Igagas,  &c. 

))                ))  )) 
palpalis.    Anatomy  of  

„        Artificially  infected  with  T.  gambiense 
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Glossina  palpalis.    Abyssinian    or    East    African    disease  : 

experiments   !    No.  6.  199 

„  Breeding  grounds  of    No.  9.  ■!  48 

(  41» 

1)  ))         Can  it  convey  sleeping  sickness  from 

animal  to  animal  ?    No.  1 .  37 

„  »         Can  it  convey  sleeping  sickness  to  animals?    No.  4.  56 

).  '>         Can  it  convey  the  trypanosomes  of  other 

diseases?  No.  5.  39 

■  57 
104 

^  126 
Oan  it  convey  animal  diseases  ?    No.  6.-^  197 

I  199 
I  202 
1209 

Cannot  convey,  from  5  days  and  over     ...    No.  G.  209 
Can  trypanosomes  travel  from  the  intes- 
tines to  the  salivary  glands  in  the  fly  ?    No.  G.  287 
Cycle  of  development  in,  not  yet  known...    No.  9.  32 

fNo.  1.  36 

Distribution  and  spread  of,  in  sleeping]  ^' 

sickness   1  vt^'  ,  JL 

I  No.  4.  52 

LNo.  9.  24 

„         Further  observations         ...    No.  5.  46 

„                     „                       ...    No.  G.  102 

("No.  1.  37 

„         In  Uganda   \  No.  4.  52 

(No.  5.  46 

•  „         In  Northern  Unyoro         ...    No.  8.  | 

Most  northern  locality,  &c.  No.  6.  280 
On  Lake  Albert  and  the  Nile  No.  6.  273 
On  Lake  Tanganyika         ...    No.  8.  6 


1)  11  )) 

11  ))  11 


On  the  Nile  No.  8. 


No.  1.  37 
62 


89 
^  100 

Dissection  of,  after  feeding    No.  5.  ^  40 

Effect  of  clearing  scrub  and  forest         ...    No.  9.  16 

„  „        foreshores    No.  9.  34 

Experiments  on  flight  of   No.  9.  45 

„  with  freshly  caught  flies     •••  |  No  4 

Feeds    on    fish-eating  birds,  crocodiles, 
hippopotami,  lizards,'  chameleons,  and 

snakes     

Feeding  on  sleeping  sickness  cases 

„        Jinja  cattle  disease   

„         Abyssinian   or   East  African 

disease   

„        mule  disease   

Flight  of   

Following  range   

Found  at  Entebbe  

Hours  of  greatest  activity  of   

In  its  relation  to  T.  gamhiense  and  other 

trypanosomes 
Its  haunts.    Opinion  of  medical  officers  ... 
Mapping  out  distribution  of,  in  Uganda, 
practically  complete   , 
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Glossina  palpalis.    Measures  for  reducing  the  number  of     ...    No.  9.  40 

»                   Methods  for  extermination  of                       No.  9.  29 

))         )i         Multiplication  of  trypanosomes  in  fly     ...    No.  6.  282 

„         Natural  range  of   ]v^o.  9.  17 

„         Numerical  proportions  of  male  and  female    No.'  9.'  15 
Only  small  percentage  of  flies  in  an  infected 

area  carry  infection   No.  9.  31 

„         Pupa  of   .'.    No.'  e!  209 

»  )»  ))      discovered   in    natural  breeding 

grounds  Nc  9.  48 

I)  -       n         Proportion  of  freshly  caught  flies  that 

contain  trypanosomes  No.  6.  284 

"  ))         Range  of  fly  from  water  is  far  narrower 

than  was  supposed        ...                       No.  9.  28 

"          1)    .     Working  knowledge  of  habits  of  fly       ...    No.  9.  5 

„     iachinoides.    Distribution       ...   N'o.  6.  281 

Goats.    See  under  Animal  experiments. 

Gray,  Lieut,  (now  Capt.)  A.  C.  H.    Continuation  report     ...    No.  6.  5 
))                1)              „         Continuation  report  on 

sleeping  sickness        ...    No.  8.  3 
"                )>               ),         On  multiplication  of  T. 

gambiense  in  G.  palpalis    No.  6.  282 
»               ))              ),         Report  on  the  sleeping 

sickness  camps,  Uganda, 

&c  No.  9.  62 

))  ))  ),         Further   report  on  the 

treatment   of  sleeping 

•    ^,    ,  ^       ^                       sickness  patients,  &c. ...    No.  9.  86 

Greig,  Capt.  E.  D.  W.    Report  by       ...       .„                ...    No.  4.  1 

1)             »          Further  observations,  &c  No.  5.  8 

»             ))          In  British  Bast  Africa  No.  5.  45 

"             "          Report  by   No.  6.  5 

.   "    .         »          Sleeping  sickness  in  the  Nile  valley  ...    No.  6.  273 
Gumea-pig.    See  under  Animal  experiments. 

Haemapoietic  system   No   2  31 

Hodges,  Dr.  A.  D.  P.    Distribution  of  sleeping  sickness            No.'  4.  51 
))             ,,           First  half-yearly  report  of  the  Medical 
Officer  in  Charge  of  the  Sleeping 
Sickness  Extended  Investigations, 

&c.    (Summary  at  p.  43)                    No.  9.  4 

)»            »           Progress  of  sleeping  sickness  epidemic    No.  3.  19 
»             ))           Report  on  sleeping  sickness  in  Unyoro 

and  Nile  valley                           ...    No.  8.  86 

)i             „           Spirochseta  fever                                  No.  5.  9 

Sleeping  sickness  epidemic  on  the  Nile 

■  bank — between  Nimule  and  "Wadelai   No.  9.  21 

Immunity  of  race  from  sleeping  sickness   No.  3  25 

Incubation  period  of  sleeping,  sickness                                    No'  2  32 

"           "                  "   No.  3.  27 

'?                  "                                         ...    No   4  65 

Infective  localities,  characteristics  of                                  [[[    No   3  16 

I,            „       what  constitutes   No'  9'  6 

Insects.    Blood-sucking  maggot  ...       ...   No'  6  275 

„        Diptera,  a  provisional  list  of  No    5  3 

„        Does  sleeping  sickness  coincide  with  distribution  of 

any  biting  insect  ?    No.  1.  36 

„       Jiggers  (Chiggers).   See  cases                                  No.  4.  70 

"                "                 _  "                                       No.  6.  210 

»                »                 Very  common  in  camp         ,..    No.  9.  83 
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Insects.    Lice.    Very  common  in  camp  

„  Eeport  on  mosquitoes  and  flies  by  Theobald" 
„        Ticks.    Ornithodorus  moubata,  &c  


Report.  Page. 


(See  wider  Glossina) 
in  the  extended 


11  ))  >) 

„        Tsetse  and  other  biting  flies 
Instructions   to  medical   officers  engaged 

sleeping  sickness  investigations   , 

Integumentary  system 
Intracranial  syphilis  and  tumours 
Iodine.    See  under  Drugs. 

Jackal.    See  under  Animal  Experiments. 

Jiggers  (Chiggers).    See  under  Insects. 

Jinja  cattle  disease.    (See  luider  Animal  Experiments) 


Jordien  Murjan,  case  of.    Trypanosoma  fever 


Karala  Barigi,  case  of.    Trypanosoma  fever  ... 


„  5,  „  Case  and  death 

Kavirondo.    Distribution  of  sleeping  sickness  in 

Filaria  in   


No.  9. 

No.  3. 

No.  5. 
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Food  of  natives  in  

Sleeping  sickness  in   

Trypanosomes  in  sleeping  sickness  cases  in 


Kumsarsabba,  case  of.    Trypanosoma  fever 


Kyetume  Camp,  Chagwe,  patients  in   

Lice,  very  common  in  camp   

Local  segregation  ...   

Low,  Dr.    Clinical  aspects  of  sleeping  sickness 

„  Filaria  perstans  and  sleeping  sickness 
Lumbar  puncture  ...   


„  „       143  lumbar  punctures   

Lunatics — among  sleeping-sickness  cases 

Lymphatic  glands  in  sleeping  sickness  

„  system    

Lymphocytosis  occurs  in  all  cases  of  sleeping  sickness... 

Mapping  of  distribution  of  G.  palpalis,  in  Uganda,  is  practi 

cally  complete   

Measures  for  prevention  of  spread  of  epidemics 

„        reducing  the  number  of  flies   

Mercury.    See  wider  Drugs. 
Methods  of  injection  of  atoxyl  ... 

„        treatment  used  in  the  camps 
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Subject. 

Missionaries.    Asked  by  the  Bishops  to  help  

„  Dr.  Cook,  a  missionary.     First  discovery  of 

sleeping  sickness  in  Uganda  by       ...  ' 
)>  Everyone  provided  with  nets,  &c. 

Moffat,  Dr.  R.  U.    Caught  three  kinds  of  tsetse  flies  in  rail- 
way carriage  in  British  East  Africa  ... 
»  »  on  history  and  distribution  of  sleeping 

sickness  in  Uganda       ...       ...  ..° 

"  ')  found  trypanosomes  in  blood  of  a  European 

5'  >)  in  co-operation  with  Dr.  Castellani 

Monkeys.  Experiments  with.  See  under  Animal  Experiments 
Monophenylarsenic  acid.    See  wider  Drugs. 

Mortality  of  sleeping  sickness   

Mosquitoes.    Report  on  collection,  by  Theobald 
Mott,  Dr.  F.  W.    Bibliography  to  his  "  Histological  Observa- 
tions "   

on  changes  in  central  canal  of  the  spinal  cord 
"  >)         the  neural  elements  ... 

"  ■  .  )>         the  vessels  and  capillaries 

„  Detailed  description  of  neuroglia  changes,  etc. 

„  Examination  of  the  central  nervous  svstem 

etc  ] 

„  Experimental  evidence   .'* 

„  Histological  observations  on  sleeping  sickness 

and  other  trypanosome  infections 

„  Material  used  

„  Microscopical  examination  of  nerve  cells  and 

fibres...       ...  ...   

„  Notes  of  cases  ;  microscopical  examination 

of  tissues    ...  ...   

„  Secondary  or  terminal  microbal  invasion   . . . 

, ,  SI  eeping  sickness  is  characteris  ed  by  a  chron  ic 

polyadenitis,  etc  

"  ))  Staining  methods 

Mount  Elgon.    Sleeping  sickness  near  ...       ...  .'.[ 

Mule.    A  trypanosome  in  a  sick  mule,  Entebbe 

„       History  of  mule  [  "' 

"       ,  " 

„       Morphology  of  trypanosome  found   

„       Disease.    (See  under  Animal  Experiments.) 
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Nabarro,  Dr.  Progress  report  by   

„  Expedition  to  explore  the  Katonga  river 

)»  Further  observations      ...       ...   \ 

„  Returns  to  England   ."" 

Nagana,  experimental  treatment  of   

Natives.    Difficulty  of  persuading  them  to  do  anything  for 

themselves  ...   

,)       protection  of  in  rubber-collecting 

Nephritis,  chronic  ...    ... 

Nervous  system    ].]  [][ 

'»         ')      See  cases 
"          '»  )) 
Nile.    Adams  &  Speke,  tour  on  Victoria  Nile  and  Unyoro 
„     Greig's  (Captain)  journey  through  the  Nile  valley 
„     Has  the  Nile  fly-belt  become  infected  from  Uganda  or 
Congo?    °_ 

„     Hodges,  Dr.    Report  on  sleeping  sickness  in  the  Nile 
valley   

„     No  tendency  of  sleeping  sickness  to  spread  up  the  Nile 
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Nile.  Presence  of  filaria  in  the  Upper  Nile  districts  ... 
„     Presence  of  sleeping  sickness  on  the  Nile 


"  "  )) 

Presence  of  tsetse  flies  on  the  Nile 


"  "  "  )? 

„     Sleeping  sickness.    Epidemic  at  two  places  between 

Wadelai  and  Nimule   

Nitre  phenyl  arsenic  acid.    See  under  Drugs. 

Occupation,  influence  of,  on  sleeping  sickness  

Oxen.    See  under  Animal  Experiments. 

Parasites.    Ankylostoma  duodenale   

t!  ))  Presence  in  dogs  ... 

M                    )'                  M  ...  ... 

>(                »               .,         Presence  in  sleeping  sick- 
ness cases   

I)  )i  1)        See  cases 

„  Bacteria.  Streptococcus 

))  ))  )) 

))  ))                  ))            ...       ...  ... 

„         Filaria  in  monkeys.    New  species  

„  „    in  dogs 

))  5)  demarquaii 

„  „  nocturna   

))  ))  peratans 

V  ))              ))                      •••            ...            ...            ...  ... 

)1  ))           ))                 •••         ...         •••         ...  ... 

))  ))           ))                •••         ...         ...         ...  ... 

„  Hsemagregarine  in  the  blood  of  crocodiles 

„         Halteridia  in  the  blood  of  birds   

„         Herpetomonas  in  house  fly  

„  „  in  stomoxys   

„         Malaria  in  monkeys  

„  Piroplasiibosis  canis  ... 

„  Plasmodium  Jcochi 

„  Rhahdonema  strongyloides  ... 

Spirochffita.    Tick  fever  in  Man  


Slrongylus  armatus  in  zebras 
Tcenia  solum  in  dogs 
„  Trypanosomes — Abyssinian  or  East  African 

))  „  Bugungu  dog   

}>  „  Entebbe  ox 

))  „  Grayi  of  tsetse  flies 

))  „  Jinga  cattle 

))  „  Mule   

))  „  Sleeping  sickness  ... 

11  „  Trypanosoma  fever   

»)  ))  Tullochi 

i>  „  See  nho  binder  Trypanosomes  and 

Glossina. 

Paratolylarsenic  acid.    See  under  Drugs. 

Pathological  anatomy  of  sleeping  sickness   

Physical  features  and  climate  of  infective  areas   

Piroplasmosis  in  dogs   


„         in  monkeys 
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Plague  in  Budu   

"      .   '>  •••       ■••       •••       •••  ,,, 

Plasmodium  kochi  in  moukeys 

Plimmer,  Dr.  H.  G.,  and  Dr.  J.  D.  Thomson.  Preiirainary  sum- 
mary of  the  results 
of  the  experimental 
treatment  of  try- 
panosomiasis in  rats 
"  5>  ))  Further  results 

of  the  experimental 
treatment    of  try- 

■pi-  -D  TT   1  1  panosomiasis  in  rats 

rummer,  K.  H  Aders.    Note  upon  sodium  antimonyl  tartrate 

Polyadenitis.   In  early  stages     

„  Lymphatic  system  

„  Most  constant  lesion   ] 

,,  Sleeping  sickness  is  characterised  by  a  chronic 

polyadenitis   

Post  mortem  examinations  of  animals  
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No.  8, 
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No.  9.  97 


Monkeys 
See  cases 
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25 
18 
27 
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38 
35 
22 
37 


"  n  •••  ...  ... 

»  ))  Sleeping  sickness.    Analyses  of 

-3       .  of  32  cases   

Ir'otassium  antimonyl  tartrate.    See  under  Drugs. 

Precautionary  and  preventive  measures  

Predisposing  causes  of  sleeping  sickness   

Premonitory  symptoms  of  sleeping  sickness  ... 
Prime  Minister,  Uganda,  on  area  of  sleeping  sickness  ... 

"  „        Meets  the  Commission 

"  ,)        On  hut  tax  labour   

Prognosis  of  sleeping  sickness   

Propagation  characteristics  of  sleepin  s;  sickness... 
Protection  of  natives  in  rubber  collecting   

Rabbits.    See  under  Animal  Experiments. 

Race,  immunity  of,  from  sleeping  sickness   No.  4.  65 

Rats.    See  under  Animal  Experiments. 

Regents,  Uganda.    Visit  laboratory   

_   . ".    .    »).  ))  •••       •••       ••.  ... 

Ke- injections  into  animals  

Re-inoculations  and  cross  inoculations  with  human  blood  and 

cerebro-spinal  trypanosomes   No.  5.  32 

Removal  of  dwellings,  markets,  &c  ,  out  of  fly  range  .'    No.  9!  36 

Reports  of  Royal  Society's  Commission  on  Sleeping  Sickness — 
„        Part  1.    Presence  of  trypanosomes  in  sleeping  sick- 
ness.   Castellani ...  No.  1. 

Progress,  on  sleeping  sickness  in  Uganda. 

Bruce  and  Nabarro   No.  1. 

Distribution  of   sleeping    sickness  and 

filaria,  &c.    Christy   No.  2. 

Form  of  trypanosomes  in  sleeping  sick- 
ness.   Castellani  No,  2. 

Sleeping  sickness  from  its  clinical  aspect. 

Low  and  Castellani    No.  2. 

Epidemiology  and  etiology  of  sleeping 
sickness.    Christy    No.  3. 
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31 
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lleports  of  Royal  Society's  Commission  on  Sleeping  Sickness — 
"    ■  "     Mosquitoes  and  flies  collected  by  Christy. 

Theobald  

Further,  on  sleeping  sickness  in  Uganda. 

Bruce,  Nabarro,  and  Greig   

A  provisional  list  of  diptera.  Austen  ... 
Further  observations  on  trypanosomiasis. 

Nabarro  and  Greig   

Sleeping  sickness  in  Uganda.    Greig  and 

Gray   

Sleeping    sickness   in   the    Nile  valley. 

Greig   

Distribution  of  tsetse  Hies.  Austen 
Multiplication  of  trypanosomes  in  flies. 

Gray  and  Tulloch   

Histological  observations  on  sleeping  sick- 
ness, &c.  Mott  

Continuation,   of    sleeping    sickness  iu 

Uganda.    Gray  and  Tulloch   

Experiments  with  tsetse  flies.  Ross 
Sleeping  sickness  in  Unyoro  and  the  Nile 

valley.    Hodges  ... 
Tour  of  Mr.   Speke   and  Dr.  Adams. 
Adams 

Anatomy  of  G.^^cilpalis  Miuchin 
G.  palpalis  in  relation  to  T.  gamhiense 
and    other    trypanosomes.  Minchin, 

Gray,  and  Tulloch   

Encystation  in  T.  gray/..  Minchin 
Sleeping  sickness  in  Uganda  from  Jan.  1st 

to  June  30th,  1906.  Hodses  

Sleeping  sickness  camps,  Uganda,  and 
medical  treatment  of  sleeping  sickness 
patients,  from  Dec,  1906,  to  Jan.,  1908. 

Gray   

Preliminary  summary  of  the  results  of  the 
experimental  treatment  of  trypanoso- 
miasis in  rats.  Plimmer  and  Thomson 
Further  results  of  the  experimental  treat- 
ment of  trypanosomiasis  in  rats. 
Plimmer  and  Thomson  ... 
Note  upon   sodium  antimonyl  tartrate. 

Plimmer  (R.  H.  A.)   

Respiratory  system  in  sleeping  sickness  

,,  ,,      See  cases   


Report.  Page. 


Part  7. 

8. 

9. 
10. 

11. 
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13. 
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17. 
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20. 
21. 


22. 
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24. 


•AO. 


26. 


27. 


"  Ruhinyo,"  an  epidemic  disease  in  Uganda  ...   

Scrub  and  forest,  effect  of  clearing  

Seasons,  influence  of,  in  sleeping  sickness   

Segregation  of  sleeping  sickness  patients  ...   

„         camps — Busiro  Camp— Buwanuka...   

„  „        Bussu  Camp — Usoga 

„  „        Detailed  account  of 

„  „        Food  supply  at 

„  „        Kyetume  Camp,  Chagwe  ... 
Sese  Islands,  examination  of  natives  for  sleeping  sickness  in  ... 

,,         Fihiria  in     
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Sex,  influence  of,  on  susceptibility  to  sleeping  sickness 

'I  ))  ,  11  )) 

Sexual  system  affected  by  sleeping  sickness   

Sheep.    See  under  Animal  Experiments. 

Sleeping  Sickness.    History  of  ;  probable  date  of  outbreak  ... 

„  „  Area  of  distribution  of   

„  As  far  north  as  Wadelai   

»  „  Climate  and  physical  features  of  infective 

area  of   

„  „  Clinical  aspects  of    

(]  )>  Diminution  and  severity  of 

„  „  Direction  and  spread  of 

5)  ))  Considered  as  a  kind  of  food  intoxication 

,1  „  Distribution  of  in  East  Equatorial  Africa 

(with  maps)   

„  „  Early  records  of     

),  „         Epidemiology  and  etiology  of   

»  „  Histological  observations  on 

J,  ),  In  animals,  see  under  Animal  Experiments. 

„  „  In  the  Nile  valley   

,,  ,,  In  Uganda  ...   

,)  „  in  Unyoro  and   the   Nile  valley  (with 

maps)    ...   

)>  ,»  Incidence  of  trypauosomes  in  general  popu- 

lation 

Mode  of  spread  to  the  Nile.  With  maps... 
),  More  closely  connected  with  G.  palpalis 

than  ever  ... 
.,  ,,  Mortality  of ... 

5,  ,,  Pathological  anatomy  of  

„  ,,  Premonitory  symptoms  of   

,1  Propagation  characteristics  of 

))  t,  No  difference  microscopically  between  and 

trypanosoma  fever 

,,  ,,  Present  on  the  Albert  lake   

Cases   


Report,  Page. 

No. 

9. 

18 

No. 

3. 

•20 

i>0. 

i. 

1  iNO. 

<  JMO. 

q 
it. 

1  (1 

(  No. 

4. 

51 

No. 

3. 

13 

i>0. 

a 
O. 

Hk> 

i>l  0. 

o 
O. 

it) 

No. 

2. 

14 

No. 

3. 

25 

IN  0. 

Q 
O. 

No. 

2. 

16 

Kin 

IN  0. 

9 

q 

IN  0. 

!> 

o. 

A 
4 

INO. 

Q 
O. 

Q 

IN  0. 

7 
I . 

q 

No. 

6. 

273 

IN  0. 

0. 

Q 
0 

IN  0. 

o 
o. 

00 

r  1/1 

I  No. 

(  19 

i\  0. 

Q 
O. 

IN  0. 

q 
y. 

40 

No. 

3. 

31 

No. 

2. 

32 

No. 

3! 

27 

No. 

3. 

22 

No. 
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20 
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39 
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)>  1>  )I  •••  •••  ...  ...  ...  No.       2.  -j 

))  '1  )i     No.  4.  65 

>.  ).  ))   No.  6.  209 

Stages  of   No.  3.  27 

„  „  Trypanosomes  present  in  No.  1.  3 

„  Will  it  be  possible  to  eradicate  it  ?        ...    No.  9.  23 

Small-pox,  case  of ,  at  one  of  the  camps   ...    No.  9.  83 

Social  position,  influence  of,  in  reference  to  sleeping  sickness...    No.  3.  20 

Sodium  amino  phenyl  arsinate.    See  under  Drugs. 

Sodium  antimonyl  tartrate.    See  under  Drugs. 

Sodium  arsenyl  tartrate.    See  wider  Drugs. 

Specific  carrier,  is  there  a,  for  each  variety  of  trypanosome  ? . 

Spirillum  fever   

Spirochaeta  fever.    Ist  case   

„         „        Recurrent  fever  case   

Stomach,  condition  of,  in  sleeping  sickness   

"  ))  )> 

11  11  11 

Stomoxys,  experiments  with   

„        cannot  convey  trypaaosomes   
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Stomoxys,  dissection  of,  after  feeding  on  infected  animals    ...    No.  5.  -j 

fed  on  Abyssinian  or  East  African  disease   No.  6.  206 

))            »)     Jinja  cattle  disease                                 '  jjo'  g'  203 

))            1)     niule  disease                                       "'  -j^^'  q  gQR 

„        herpatomonas  in  alimentary  canal  of  ISTr.'  s'  1 
Stordy,  Mr.    Dog  with  Abyssinian  or  East  African  "disea's*; 

received  from    No   5  ^2 

„            Zebra's  blood  received  from      ...  No'  «"  «4. 
Streptococcus.    See  under  Bacteria. 

Surra,  experimental  treatment  of   Nq   9  \ 

Symptoms  and  clinical  features  of  sleeping  sickness    No.  2. 

"                >'                 )j                I,            See  cases...  No.  1.  H9 

''                "                >i                „                „      ...  No.  2.  36 

"                "                )i                ,)                „      ...  No.  4.  65 

c     "                "                »               »                      ...  No.  6.  209 

Synonyms    No.  2.  14 

Syphilis,  mtercramal,  &c  2  35 

Tabanidse,  experiments  with    j^-g.  5.  49 

„        specimen  sent  by  Dr.  Christy  to  Mr.  Theobald    .".V  No.  3.  41 

„        specimens  sent  by  Colonel  Bruce  to  Mr.  Austen  ...  No.  5.  4 

Tabes  and  (general  paralysis  of  the  insane    No  2.  35 

Tables.   After-history  of  cases  with  trypanosomes  in  their 

blood  in  June,  1903    No.  6.  70 

„       Arsenic,  effect  of,  on  T.  gambiense    No.  6  68 

"  "  "  "    No.  8.  31 

„       Blood.    Absence  of  trypanosomes  in  blood  controls    No.  1.  23 
))  ))       Presence  of  trypanosomes  in  blood  of  sleeping 

sickness  cases   No.  1.  16 

19 
41 
48 
51 
54 
60 
63 
^  66 

Cases  admitted  to  segregation  camps,  treated  with 

atoxyl  No.  9.  14 

5,  „     treated  with  atoxyl  alone   No.  9.  91 

„       Cerebro-spinal  fluid.    Absence  of  trypanosomes  in 

controls   No.  1.  8 

»  »  »  „  „  No.  1.  15 

»,  „  „       Examination  for  trypanosomes    No.  8.  10 

»  ).  „  „  No.  8.  11 

))  „  „       Presence  of  trypanosomes  in 

sleeping  sickness  cases      ...    No.  1.  4 
"  )'  ),  „  ,,  No.  1.  13 

„       Oases  of  trypanosoma  fever,  June,  1903.    Cause  and 

date  of  death  No.  8.  19 

„       Enumeration  of  blood  corpuscles    No.  6.  19 

1)  ),  cells,  &c.,  in  cerebro-spinal  fluid     ...    No.  6.  27 

„  f'ii^aWa /)mtans,  prevalence  of ,  in  African  areas  ...  No.  2.  67 
))  )i  „  in  British  Guiana   ...    No.  2.  68 

„       G-land  enlargement  in  general  population    No.  6.  13 

)i  „     puncture  No.  6.  9 

„       Hours  of  greatest  activity  of  G.  palpalis    No.  9.  14 

„      Incidence  of  trypanosomes  in  blood  of  general  popu- 
lation in  Nairobi     No.  4.  19 


Blood  counts   No.  6.  < 
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Tables.  Incidence  of  trypanosomes  in  blood  of  general  popu- 
lation in  non-sleeping  sickness  area  No.  4.  16 

"      T  •   i-"    J!  j-^     'V  X  "  "  4.  14 

„  Injection  o±  ditterent  trypanosomes  into  animals  ...  No.  6.  195 
„       Nagana  rats  treated  with  atoxyl  and  succinimide  of 

mercury   No.  9.  101 

„       Nagana  and  Surra  rats  treated  with  Donovan's  solu- 
tion and  atoxyl    No.  9.  104 
"  ))  1)  „       atoxyl  and  iodi- 

pin    No.  9.  104 

»  >)  ))  ,,       atoxyl  and  lac- 

tateof  mercury    No.  9.  103 
"  ))  11  „       atoxyl  and  mer- 

cury sozoiodol    No.  9.  103 
"  »  ,)  „       sodium  antimo- 

nyl  tartrate  ...    No.  9.  114 
„       Number  and  present  condition  of  patients  treated 

with  atoxyl  and  mercury,  and  mercury  alone       ...    No.  9.  93 
„       Number  of  patients,  type  of  case  on  admission,  sex, 

system  of  treatment,  &c.,  &c.    No.  9.  90 

„       Number  of  sleeping  sickness  patients  who  presented 

certain  symptoms  possibly  due  to  atoxyl   No.  9.  96 

„       Post-mortem  examinations  for  trypanosomes   No.  8.  18 

„       Present  condition  of  patients  admitted  during  the 

four  different  quarters  of  the  year  1907    No.  9.  91 

„  Sleeping  sickness  on  the  Nile  as  far  north  as  Wadelai  No.'  6.'  276 
„       Surra  rats  treated  with  atoxyl  and  succinimide  of 

mercury,  &c  No.  9.  102 

"  „  »  ^  "  „  „  No.  9.  108 
„       bummary  of  results  obtained   with  atoxyl-proof 

strains  of  Nagana  and  Surra  in  rats    No.  9.  100 

„       Trypanosomes  in  blood  by  day  and  by  night   No!  6.  25 

„       Trypanosomiasis,  animal    No.*  5.  15 

Tabula,  trypanosoma  fever  in  the  case  of    No.  1.  21 


--.    No.  4.  12 
»  I'  5)  „      Apparently  in  good 

health    No.  5.  29 

"  »)  n  ,.      Cerebro-spinal  fluid 

contains  trypano- 
somes   No.  6.  39 

"  "  »)  ,1      Examination  of  brain    No.  7.  32 

"  ))  ))  „      Further  notes  on  case    No.  8.  15 

"  ))  ))  .,      Further  note  on  case 
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29..  FURTHER  RESULTS  OF  THE  EXPERIMENTAL 
TREATMENT  OF  TRYPANOSOMIASIS:  BEING  A 
PROGRESS  REPORT  TO  A  COMMITTEE  OF  THE 
ROYAL  SOCIETY. 

By  H.  G.  Plimmer,  F.L.S.,  and  H.  R.  Bateman,  Captain 

R.A.M.C. 


(Communicated  by  J.  Rose  Bradford,  M.D.,  F.R.S.  Received 

August  25tli,  1908.) 

The  following  results  are  a  continuation  of  the  work  of  which 
summaries  have  already  appeared  in  the  "Proceedings  of  the 
Royal  Society."* 

The  experiments  have  been  carried  out  with  the  same  strains 
of  Nagana  and  Surra  as  were  used  before. 

A. — Conditioji  of  the  Animals  living  at  the  Date  of  the  Com- 
pletion  of  the  Tables  in  the  last  Paper. 

Table  I. — Nagana  Rats  treated  with  Atoxyl  and  Succinimide  of 

Mercury. 

(Average  duration  of  untreated  disease,  5-5  days.) 
No.    4  died  on  the  307th  day  after  inoculation 
7        „  365th 
249th 
188th 
G3rd 

-  '    liich  was  apparently  cured,  was  used  on  the 

14<th  day  after  inoculation  for  re-inoculation,  with  the  view  of 
ascertaining  if  any  immunity  had  been  conferred.  This  was 
found  not  to  be  the  case.f 

None  of  the  above  died  with  any  of  the  signs  of  Nagana.  Of 
the  21  rats  tabulated,  t  only  one  died  from  trypanosomiasis,  and 
this  one  was  probably  atoxyl-proof. 

Table  III.— Surra  Rats  treated  with  Atoxyl  and  Mercury 

Sozoiodol. 

No.  5  died  on  the  286th  day  after  inoculation  from  broncho- 
pneumonia. 

Table  Y I. —Surra  Rats  treated  %oith  Atoxyl  and  lodopin. 
No.  9  died  on  the  221st  day  after  inoculation  from  worms. 


10 
15 
21 

Of  these.  No.  15,  w 


!  J;  J^'j-J^^  l^^"^' PP-  505-516,  and  B,  vol.  80,  1908,  pp.  1-12. 
t  Vide  '  Roy.  Soc.  Proc.,'  B,  vol.  80,  p.  10. 
t  'Roy.  Soc.  Proc.,'  B,  vol.  79,  p.  610. 
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Rats  treated  ivith  Atoxyl  and  Liq.  Hydrarg.  Perchlor 

The  rat  still  living  at  the  date  of  the  last  paper  died  on  the 
187th  day  after  inocxilation  from  broncho-pneumonia. 

Rats  treated  loitli  Sodium  Antimonyl  Tartrate.    {Table  on  pp. 
8—9  of  the  last  Paper.)*    Results  to  August  20. 


8  died 

on 

the  194th  day 

9 

3J 

323rd 

33 

10 

JJ 

145th 

33 

14 

JJ 

48th 

33 

15 

J) 

67th 

33 

16 

JJ 

227th 

S3 

17 

JJ 

227th 

33 

19 

>J 

161st 

33 

20 

35 

49th 

33 

21 

» 

210th 

33 

23 

104th 

33 

25  ■ 

» 

134th 

33 

26 

134th 

33 

27 

33rd 

33 

28 

34th* 

33 

29 

57th 

33 

30 

28th 

33 

31 

147th 

33 

33  died  on  the  228th  day 

34  „         188th  „ 

35  is  living  and  ivell  346  days  after  inoculation. 

36  died  on  the  228th  day 
38        „         173rd  „ 

It  will  be  noticed  that  nine  of  the  above  rats  lived  for  over 
200  days,  and  nine  others  considerably  over  100  days.  Of  those 
which  have  died  only  four  have  had  recurrences  (two  had  one, 
and  two  had  three  recurrences);  none  of  them  died  with  any 
symptoms  of  trypanosomiasis,  and  in  none  were  trypanosomes 
found  after  death.  An  emulsion  of  the  liver  and  of  tlie  bone- 
marrow  of  Nos.  9,  16,  17,  21,  and  25  was  injected  into  other  rats 
with  negative  results  in  every  case. 

Rats  treated  with  equal  parts  of  1  per  cent.  Solutions  of  Sodium 
Antimonyl  Tartrate  and  Sodium.  Arsenyl  Tartrate. 

The  five  rats  living  at  the  date  of  the  last  paper  have  died  :  — 
No.  1  died  on  the  199th  day  after  inoculation. 
3,    2         „  26th 
3,    3         „  43rd 
33    4         „  59th 
3,    5         „  40th 
As  was  anticipated  from  the  earlier  experiments,  this  treat- 
ment has  no  advantages  over  that  with  antimony  alone. 

«'  '  Roy,  Soc.  Proc.,'  B,  vo}.  80. 


B. — Further  Experiments. 

Potassium  Antimonate. 

This  was  tried  in  doses  up  to  7  minims  of  a  1  per  cent,  solution. 
In  tliis  dose  it  was  poisonous  to  rats,  and  it  did  not  kill  the 
trypauosomes. 

Atoxyl  and  Sodium  Antimonyl  Tartrate. 

This  was  given  in  doses  of  5—7  minims  of  a  5  per  cent,  solution 
of  atoxyl  and  of  a  1  per  cent,  solution  of  sodium  antimonyl 
tartrate.  Three  Nagana  rats  lived  respectively  23,  43,  and  41 
days ;  they  all  had  recurrences  (the  last  had  five)  and  died  with 
living  trypauosomes  in  the  blood. 

Pushing  the  drug  does  not  have  any  good  effect  {see  next  table) ; 
the  trypauosomes  are  not  driven  out  more  quickly,  or  more 
effectiially;  recurrences  are  more  common,  and  inflammatory 
intestinal  lesions  were  present  in  nearly  every  case.  Two  rats 
died  with  living  trypauosomes  in  the  blood :  these  two  had 
become  antimony-proof,  as  the  later  doses  did  not  remove  the 
trypauosomes  from  the  blood,  nor  make  any  difference  in  their 
number.  This  strain  did  not  maintain  this  quality  for  long,  as 
after  the  second  sub-inoculation  from  these  rats  the  trypauosomes 
seemed  to  have  become  normal  in  their  behaviour  towards  anti- 
mony.   The  strain  was  lost  at  this  point. 

Nagana  Rats  treated  with  Large  Doses  of  Sodium  Antimonyl 

Tartrate. 


No, 

Weight 
in 

Grammes. 

Total  Quantity 
of  1  per  cent, 
sod.  ant.  tart, 
given,  in  c.o. 

Recur- 
rences. 

1 

200 

5-75 

1 

2 

125 

5-0 

0 

3 

100 

4-75 

0 

4 

100 

4-0 

0 

5 

110 

4-9 

1 

6 

no 

6-5 

2 

7 

175 

8-5 

2 

8 

110 

9-0 

2 

9 

150 

5-0 

4 

10 

175 

5-25 

1 

Results. 


Died  on  30th  day  with  intestinal  lesions. 
Died  on  34th  day  with  very  marked  in- 
testinal lesions. 
Died  on  24th  day  :  intestines  necrotic, 
Died  on  108th  day  from  pneumonia. 
Died  on  43rd  day  with   inflamed  in- 
testines. 

Died  on  38th  day  with  necrotic  intestines. 
Died  on  40th  day  :   trypanosomes  in 

blood  at  death  ;  paralysed. 
Died  on  45th  day  in  similar  condition  to 

No.  7. 

Died  on  73rd  day  from  gangrene  of  tail. 
Died  on  64th  day  from  pneumonia. 


Rats  treated  with.  Sodium  Antimonyl  Tartrate  after  Inoculation 
with  Atoxyl-jJroof  Trypanosoma^. 

The  rats  in  tlie  following  table  were  all  treated  firstly  with 
atoxyl  to  make  sure  that  tliey  were  atoxyl-proof,  and  the  treat- 
ment with  antimony  was  then  l)egun,wheu  tlie  trypauosomes  were 
m  large  numbers  in  the  blood. 
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No. 

Woiglit 
in 

Grammes. 

Total 
Quiintity 
of  1  per  cent, 
sod.  ant.  tart, 
given,  in  c.c. 

Recur- 
rences. 

Hesults. 

Na-  ^ 
gana.  ^ 

f 

Surra  -|^ 

1 

2 
3 
4 

5 

6 

7 

8 

100 

100 
110 
110 

175 

100 

145' 
140 

3-0 

1-0 
3-0 
3-0 

3-0 

3-  0 

5-75 

4-  0 

1 

0 

1 
1 

0 
0 

1 

1 

Died  on  29th  day  with  trypano- 
somes  in  blood. 

Died  on  11th  day  from  nephritis. 

Died  on  54th  day. 

Died  on  20th  day  with  trypano- 
somes  in  blood. 

Died  on  117th  day  from  broncho- 
pneumonia. 

Died  on  27th  day  from  septi- 
caemia. 

Died  on  41st  day  from  pneumonia. 
Died  on  38th  day  with  trvnano- 
somes  in  blood. 

It  will  be  seen  that  tlie  atoxyl-proof  strains  of  trypanosomes 
are  less  influenced  by  antimony  than  are  the  ordinary  variety,  as 
three  of  the  above  rats  had  living  trypanosomes  in  the  blood  at 
death,  and  seven  of  them  died  at  a  very  early  date. 


Rats  treated  with  Antimony  {Metal)  and  Sodium  Antimonyl 
Tartrate  susjjended  in  a  Fatty  Medium. 

Sodium  antimonyl  tartrate,  when  injected  in  watery  solution 
into  man  produces  very  severe  pain  and  inflammation  in  the 
neighbourhood  of  the  injection,  with  more  or  less  local  necrosis. 
In  order  to  make  the  use  of  antimony  practicable  in  the  form  of 
injection,  a  series  of  experiments  was  undertaken,  using  various 
other  media  than  water  for  solution  or  suspension  of  the  antimony 
salt.  Lanolin,  olive  oil,  and  sesamum  oil  were  tried,  but  the 
results  were  not  good.  Finally,  the  medium  Colonel  Lambkin 
devised,*  consisting  of  palmitin  and  antiseptics,  which  is  used 
very  largely  for  the  intramuscular  injection  of  calomel  and 
mercury  in  syphilis,  was  tried,  with  the  results  which  are  set 
forth  in  the  tables  below. 

One  great  advantage  of  these  preparations  is  that  they  can  be 
used  upon  man  with  far  less  difiiculties  and  after-consequences 
than  the  watery  solutions,  which  seem  to  be  impracticable ;  this 
IS  of  importance  .should  antimony  be  found  of  use  in  human 
trypanosomiasis. 

Major  Ward,  E.A.M.C.,  has  used  both  the  forms  mentioned 
above  on  men  for  other  purposes,  and  he  has  very  kindly  placed 
his  notes  at  our  disposal.  In  one  of  his  cases  four  doses  of 
I  grain  of  sodium  antimonyl  tartrate,  suspended  in  Colonel 
Lambkin's  medium,  were  given  intramuscularly  into  the  buttock, 
the  intervals  between  the  doses  being  3,  4,  and'S  days :  the  doses 
were  then  increased  to  1  grain,  and  seven  doses  of  "this  strength 
were  given,  the  intervals  being  4,  3,  2,  4,  2,  and  13  days.  In  all, 
thi.s  patient  had  9  grains  of  the  salt.    Major  Ward  says  tliat 

the  injections  caused  a  certain  amount  of  tenderness  and  dis- 
comfort at  the  seat  of  injection,"  but  that  is  very  different  to  tlie 
effects  noticed  after  the  injection  of  tlie  watery  solution. 

Major  Ward  also  treated  two  patients  with  antimony  itself 
•  '  Journ.  Roy.  Army  Med.  Corps7l906! 
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in  a  state  of  extreuiely  fiue  division  suspended  in  Colonel 
Lambkin's  medium ;  they  were  eacli  j^-iven  one  dose  of  1  f^Tain, 
and  11  days  afterwards  ^  grain.  This  form  caused  both  pain  and 
discomfort,  and  also  a  general  increase  in  the  size  of  the  buttock, 
into  which  the  injection  was  made,  but  this  subsided  without 
suppuration.  Tins  form  would  appear,  however,  to  be  much  the 
more  powerful  of  the  two,  as  the  effects  obtained  from  the  14 
grains  of  the  metal  were  as  good  and  as  lasting  as  those  observed 
^,11  the  case  m  which  9  grains  of  sodium  antimonyl  tartrate  we 


ere 


The  following  tables  show  the  results  obtained  in  rats  with 
sodium  antimonyl  tartrate  and  antimony  prepared  as  mentioned 
above : — 

Sodium  Antimonyl  Tartrate,  5  per  cent.,  in  Colonel  Lambkin's 

Medium. 


No. 


Weight 
in 

Grammes, 


Na- 
gana. 


Snrra 


1 

2 

3 
4 
5 
6 
7 
8 
9 

10 

11 
12 

13 


100 
100 

115 
150 
110 
125 
150 
175 
200 
225 

115 
220 

125 


No. 

of 
Doses 
given. 


Total 
Quantity 
given,  in 
Minims. 


Recur- 
rences. 


4 
2 

1 
1 
5 
3 
3 
1 
3 
3 

2 
11 


18 
6 

2 
2 
17 
13 
13 
3 
17 
13 

6 
33 


2 
1 

0 
0 
1 
0 
0 
1 
1 
2 

1 
7 


Results  to  August  20. 


Died  on  53rd  day  :  bad  itch. 
Died  on  16th  day  with  intestinal 
lesions. 

Died  on  1 13th  day  of  pneumonia. 
Died  on  19th  day  of  pneumonia. 
Died  on  27th  day  :  abscess. 
Died  on  26th  day  of  pneumonia. 
Died  on  89th  day  :  itch. 
Died  on  24th  day  :  abscess. 
Died  on  40th  day  of  injury. 
Died  on  28th  day  with  intestinal 
lesions. 

Died  on  22nd  day  of  pneumonia. 
Died  on  66th  day  with'  acute 

intestinal  lesions.       !  ' 
Living  and  well  154  days  after 

inoculation. 


None  of  the  above  have  died  from  trypanosomiasis.  In  rats 
the  mtra-muscular  injection  of  even  a  few  minims  is  difficult, 
and  if  any  of  the  material  be  left  under  the  skin  a  slough  formsi 
which  takes  a  long  time  to  heal.  It  will  be  noticed  that  No.  i 
had  only  one  dose  :  the  rat  lived  113  days  and  died  of  pneumonia  ; 
inoculations  made  from  its  organs  were  negative.  No.  13,  which 
is  .still  living  (154  days),  has  also  had  only  one  dose. 

From  the  following  table  it  will  be  seen  that  the  adminis- 
tration of  the  metal  itself  has  a  considerable  effect  on  the  try- 
panosomes:  it  has  a  distinctly  better  effect  on  Surra  than  upon 
Nagana,  four  Surra  rats  out  of  IG  being  still  alive,  and  four 
others  having  lived  for  a  long  time.  In  none  of  the  Surra  rats 
were  trypanosomes  found  at  death,  whereas  in  tliree  of  the 
Nagana  rats  they  were  present.  The  metal  is  much  more  irritat- 
ing tlian  the  tartrate,  but  the  effect  is  in  most  cases  more  pro- 
longed;  this  is  probably  due  to  tlie  fact  that  tiie  absorption  of 
the  metal  is  much  slower.  Further,  the  smaller  doses  would 
appear  to  be:  the  most  efficient. 


Antimony,  in  a  state  of  very  fine  division,  6  per  cent.,  in  Colonel 

Lambkin's  Medium. 


No. 


Weight 
in 

Grammes. 


No. 

of 
Doses 
given. 


Total 
Quantity 
given,  in 
Minims. ' 


Recur- 
rences. 


Results  to  August  20. 


Na- 
gana. 


Surra  ^ 


4 
5 
6 
7 
8 
9 

10 

11 
12 

13 

14 
15 
16 

17 

18 

19 

20 

21 
22 
2.S 
24 

25 

26 

27 

28 
29 

30 

31 

32 


100 
200 

100 

110 

100 

150 

150 

300 

300 

200 

300 
250 

250 

300 
3U0 
150 

110 

125 

250 

225 

100 
100 
150 
100 

100 

150 

125 

100 
100 

125 

100 

150 


3 
3 


4 

4 

6 

3 

2 

2 

2 
2 


1 
4 


1 
3 
2 
3 


2 
2 
1 


12 
11 

9 

12 

14 

15 

23 

13 


5 
5 
3 

5 

17 

35 


4 
10 

9 
12 


9 

9 

3 

3 
3 

4 

4 

4 


3 
2 


0 
0 
0 


0 

1 
1 

3 


0 
0 


Died  on  61st  day  :  abscess. 
Died  on  29th  day  with  trypano- 

somes  in  blood. 
Died  on  34th  day  with  intestinal 

lesions. 

Died  on  15th  day  with  trypano- 

somes  in  blood. 
Died  on  27th  day  with  intestinal 

lesions. 

Died  on  26th  day  with  intestinal 
lesions. 

Died  on  33rd  day  with  trypano- 
somes  in  blood. 

Died  on  51st  day  from  broncho- 
pneumonia. 

Died  on  36th  day  from  broncho- 
pneumonia. 

Living  and  well  204  dai/s  after 
inoculation. 

Died  on  29th  day  :  abscess. 

Died  on  39th  day  from  broncho- 
pneumonia. 

Died  on  92nd  day  from  pneu- 
monia. 

Died  on  32nd  day  :  fatty  liver. 
Died  on  30th  day. 
Died  on  74th  day  from  pneu- 
monia. 

Living  and  well  230  days  after 
inoculation. 

Died  on  146th  day  :  one  recur- 
rence took  place  after  an  in- 
terval of  12  weeks. 

Died  on  48th  day  from  broncho- 
pneumonia. 

Died  on  39th  day  from  broncho- 
pneumonia. 

Died  on  44th  day  :  itch. 

Died  on  44th  day  :  itch. 

Died  on  216th  day  of  pneumonia. 

Died  on  94th  day  :  abscess.  One 
recurrence  took  place  after  an 
interval  of  46  days. 

Living  and  well  253  days  after 
inoculation. 

Died  on  29th  day  from  pneu- 
monia. 

Living  and  well  226  days  after 
inoculation. 

Died  on  91st  day  :  itch. 

Living  and  ivell  226  days  after 
inoculation. 

Died  on  27th  day  from  pneu- 
monia. 

Died  on  27th  day  from  pneu- 
monia. 
Died  on  4l8t  day  :  itch. 
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Experiments  in  which  Antimony  mid  Sodium  Antimonyl  Tartrate 
■locre  given  hefore  Inoculatton,  in  order  to  Test  their  Effects 
upon  the  Development  of  the  Disease. 

In  tliese  experiments  the  substances  were  given  suspended  in 
Colonel  Lambkin  s  medium,  and  it  will  be  noticed  that  the  metal 
Itl  """IT  delaying-  the  appearance  of  tlie  tiypano- 

somes  in  the  blood  than  is  the  salt:  this  is  probably  due  to  the 

'l      "  if  tl'e  doses  were 

epeated,  might  be  of  some  practical  value  in  getting  animals 
safely  across  dangerous  tracts  of  country. 

Four  Eats  were  given  5  minims  of  5  per  cent.  Antimony  (metal) 
Cream  on  December  19.  In  Nagana  the  trypanosomel  usually 
appear  m  the  blood  on  the  second  or  thi/d  day  after  inocu^ 


No. 

Inoculated  with  Na- 
gana on — 

Trypanosomes  appeared  in 
the  blood  on — 

1 
2 
3 
4 

December  20 
21 
23 
24 

December  31,  the  11th  day. 
January  2,  the  10th  day. 
December  31,  the  8th  day. 
),       30,  the  6th  day. 

Four  Rats  were  given  3  minims  of  5  per  cent.  Sodium  Antimonyl 
lartrate  Cream  on  December  19. 

No. 

Inoculated  with  Na- 
gana on — 

Trypanosomes  appeared  in 
the  blood  on — 

1 

2 
3 
4 

December  20 
21 
23 
24 

December  25,  the  5th  day. 
„       24,  the  3rd  day. 
„       26,  the  3rd  day. 
27,  the  3rd  day. 

Rats  treated  with  Lithium  Antim.onyl  Tartrate. 
There  are  differences  in  the  effects  produced  by  the  pota^ssium 
sodium,  and  lithium  antimonyl  tartrates,  if  given  under  s  mllai- 

rnure"%r^  r  ^.T^^^^^'^^  Potassium  salt  isTe?; 

impuie.    Ihe  pure  sodium  and  lithium  salts  which  we  have  used 
have  been  prepared  for  us  by  Dr.  E.  H.  Aders  Plimmei  of 
TJniversity  College.      The  sodium  salt  contains  rougliK  abou 
2  per  cen     more  a.tnuor.y  than  the  potassium   ,salt:  and  the 
lithium  salt  contains  about  2  per  cent,  more  antimon;   luui  t  e 
sodium ;  but  the  doses  of  the  lithium  salt  have  to  be  much  iudl  - 
than  the  correspondnig  doses  of  the  sodium  salt.    For  inst'  i  ce 
0  5  c  c  of  a  1  per  cent  solution  of  the  lithium  salt  is  f  ilfl   o  ( 
rat  of  125  grammes,  and  0-39  c.c.  is  fat-il  tr,  n  v-.i  sn 
When  the  watery  solution  is  injec^^edt  ramu  iula  if  ff'^^""'; 
caused  necrosis  of  the  tissues  L  r^.! 
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occasionally  done  so.  We  have  fouiul  tliat  the  best  stren^^lli  of 
solution  for  rats  is  U"25  per  cent.,  and  of  this  U'5  c.c.  has  been 
g'iveu  for  a  dose. 

The  following  table  shows  the  effects  of  tliis  dosage:-—  • 


No. 


Total 
Quantity  in 
c.c.  given  of 
0"25  per  cent, 
solntion. 


Recur- 
rences. 


Results  to  August  20. 


y 

10 
11 
12 


4-5 

4-5 
4 
4 
4 

4 
5 

4-5 
3-5 

3 


2 
1 


0 
0 
0 
0 

0 
2 

0 
2 
1 


Died  of  disease  on  47tb  day. 

Killed  on  47th  day,  owing  to  abscess.  Emul- 
sion of  organs  injected  into  another  rat 
gave  negative  result. 

Allowed  to  die  on  34th  day,  the  date  of  re- 
currence. 

Alive  and  well  134  days  after  inoculation. 
Alice  and  well  125  days  after  inoculation. 
Alive  and  well  134  days  after  inoculation. 
Died  on  42nd  day  of  broncho-pneumonia  : 

no  evidence  of  trypanosomes. 
Alive  and  well  134  days  after  inoculation. 
Died  of  disease  on  47th  day. 
Alire  and  well  125  days  after  imiculatiuu. 
Died  of  disease  on  18th  day  :  itch. 
Allowed  to  die  :  relapse  not  treated. 


From  the  above  it  will  be  seen  that  five  out  of  these  12  rats 
are  alive  and  well  at  periods  varying  from  125  to  134  days.  This 
salt  is  much  more  soluble  than  either  the  potassium  or  sodium 
compound,  which  may,  perhaps,  as  well  as  its  greater  antimony 
content,  account  for  its  greater  effectiveness.  It  is,  however, 
more  irritating  subcutaueously  in  watery  solution. 


Experiments  with  Antimony  upon  Dogs. 

In  order  to  see  what  tlie  effects  of  antimony  would  be  on  the 
larger  and  more  important  animals  when  suffering  from  trypano- 
somiasis, a  series  of  experiments  on  dogs  has  been  begun.  The 
trypauosome  used  was  that  of  Surra,  which  kills  dogs  of  about 
20  lbs.  in  weight  in  approximately  14  days,  as  this  is  the  trypauo- 
some which  is  of  practical  importance  with  regard  to  dogs. 

Dr.  MacConkey,  of  the  Lister  Institute,  kindly  performed  some 
initial  experiments  for  us.  He  made  some  experiments  with  a 
20  per  cent,  suspension  of  sodium  antimony  tartrate  in  Colonel 
Lambkin's  medium,  in  order  to  find  the  minimum  lethal  dose, 
and  he  foiind  that  0'5  c.c.  of  this  20  per  cent,  cream  per  10  lbs. 
of  body  weight  was  probably  about  the  full  dose.  B\it  he  also 
found  that,  for  practical  purposes,  this  20  per  cent,  cream  was 
much  too  strong,  as  it  caused  sloughing  in  every  case ;  indeed, 
dogs  do  not  seem  to  bear  these  suspensions  as  well  as  they  do 
solutions.  Dr.  MacConkey  kept  one  dog  alive  till  the  40th  day, 
and  one  until  the  30th,  but  both  had  many  relapses. 

Profiting  by  the  experience  thus  gained,  we  have  made  further 
experiments  usijig  much  smaller  doses,  with  satisfactory  results. 
But  we  have  found,  since  trying  the  lithium  antimonyl  tartrate 
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that  tlus  acts  more  eftectually  and  witli  less  irritation  tliaii  the 
creams,  whether  of  metal  or  salt.  All  the  animals  tabulated 
below  are  m  good  condition  and  are  gaining  in  weight. 

(Average  length  of  untreated  disease,  14  days.) 


Total  Quantities  given, 
in  Minims. 


Recur- 
rences. 


22 


22 


37^ 


Results  to  August  20. 


10 


13^ 


Antimony  cream,  5  per  cent., 
60  m. 

Sod.  ant.  tart.,  2  per  cent., 
40  m. 

Sod.  ant.  tart.,  2  per  cent., 
80  m. 

Lith.  ant.  tart.,  2  per  cent., 
55  m. 


Sod.  ant.  tart,  cream,  5  per 

cent.,  80  m. 
Sod.  ant.  tart.,  2  per  cent., 

40  m. 

Lith.  ant.  tart.,  2  per  cent., 
90  m. 

Sod.  ant.  tart,  cream,  5  per 

cent.,  40  m. 
Sod.  ant.  tart.,  2  per  cent., 

20  m. 

Lith.  ant.  tart.,  2  per  cent., 
40  m. 

Sod.  ant.  tart,  cream,  5  per 

cent.,  35  m. 
Lith.  ant.  tart.,  2  per  cent., 

47  m. 


No  trypanosomes  jDresent 
since  July  13  ;  is  alive 
and  well  on  the  62nd  day 
after  inoculation. 

Had  9  pups  during  treat- 
ment ;  there  were  42  days 
between  the  two  recur- 
rences ;  is  alive  and  well 
on  the  G2nd  day  after 
inoculation. 

Licorrect  dosage  seems  a 
probable  cause  of  these 
relapses  ;  is  alive  and  well 
on  the  62nd  day  after 
inoculation. 

Is  alive  and  well  on  the 
53rd  day  after  inocula- 
tion. 


Is  alive  and  well  on  the 
53rd  day  after  inocula- 
tion. 


Ihe  second  and  third  substances  mentioned  in  Column  3  were 
given  at  the  recurrences.  That  these  dogs  are  all  alive  and  well 
encourages  us  to  hope  that,  as  we  get  a  better  knowledge  of  the 
dosage  required,  the  recurrences  may  be  less  frequent. 

Experivie7iU  made  with  RaU  treated  ivith  Antimony,  in  order 
to  find  out  %n  what  Organs  the  Trypanosomes  are  latent. 

.  The  following  initial  experiments  were  made  in  order  to  find 
out  where  the  trypanosomes  rest  during  the  period  in  which  the 
peripheral  blood  is  free  from  them,  after  treatment  with  anti- 
mony. Further  experiments  are  being  carried  on  for  the  purpose 
of  ascertaining  m  what  forms  they  are  present  in  the  organs  of 
treated  animals. 

The  rats  were  inoculated  with  Nagana,  which  is  less  affected 
by  antimony  than  Surra,  and  were  all  treated  witli  four  doses  of 
sodium  antimony  tartrate.  The  rats  were  killed  at  various  intt>r- 
vals,  and  the  organs  selected  (the  liver  and  bone-marrow)  were 
made  into  an  emulsion  with  a  minimum  quantity  of  0-T5  per 
cent,  salt-solution,  and  injected  into  other  rats  in  doses  of  1  c  c  ' 
the  same  dose  of  blood  from  the  heart  was  also  given  '  * ' 
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In  the  followiug  table  the  signs  +  and  -  arc  used  respectively 
to  denote  a  positiA^e  or  negative  result. 


No. 


1 
2 
3 
4 
5 

7 
8 
9 

10 
11 


Number  of  Days  after 
treatment  upon  which 
Rats  were  killed. 


Blood. 


7 

10 
12 
14 
2 
4 
3 
12 
14 
16 
20 


Liver. 


Marrow. 


+ 
+ 


+ 

+ 
+ 
+ 
+ 
+ 


From  this  table  it  would  appear  that  the  bone-marrow  is  the 
place  where  the  trypanosomes  can  live  longest,  and  that  the  liver 
is  also  a  place  where  tliey  can  find  protection.  This  is  borne  out 
by  some  experiments  we  have  made  upon  trypanosomiasis  in 
birds,  in  which  cultivations  of  trypanosomes  can  often  be  made 
from  the  bone-marrow  when  they  cannot  be  made  either  from  the 
organs  or  the  blood.  The  doses  given  to  the  above  rats  were 
rather  under  those  which  we  should  judge  to  be  curative,  but  in 
four  cases  the  results  were  entirely  negative. 


[Reprinted  from  the  PROCEEDI^XTS  of  the  Royal  Society, 

B.  Vol.  81.] 

30.    A  TRYPANOSOME  FROM  ZANZIBAR. 

By  Colonel  Sir  David  Bruce,  C.B.,  M.B.,  F.R.S.,  D.Sc,  LL.D., 
Army  Medical  Service,  and  Captains  A.  E.  ilAMEiiTO>', 
D.S.O.,  and  H.  R.  Bateman,  Royal  Army  Medical  Corps. 

(Received  September  18th,— Read  November  26th,  1908.) 

(From  the  Laboratory  of  the  Royal  Army  Medical  College, 

London.) 

[Plates  1  and  2.] 
^  About  the  middle  of  April,  1908,  Dr.  J.  Rose  Bradford, 
F.R.S.,  had  handed  over  to  him  by  Dr.  Edington,  F.R.S.E.,  a 
rabbit  whose  blood  contained  a  trypanosome.  Dr.  Edington 
stated  that  he  liad  inoculated  the  rabbit  witli  blood  from  a  horse 
he  found  at  Zanzibar  sulfering  from  some  obscure  disease.  This 
rabbit  was  handed  over  to  one  of  us  (D.  B.)  by  Dr.  ]3radford  for 
the  pui-pose  of  keeping  the  strain  alive  and,  if  possible,  identify- 
ing the  species  of  trypanosoma. 
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l.Iie  following  notes  liave  since  been  received  from  Dr.  Eding- 
ton.  i  he  trypanosonie  was  found  at  Zanzibar,  wliere  no  trypano- 
soine  has  formerly  been  known.  It  occurred  in  a  liorse  in  a 
stable  among  others,  of  which  none  were  infected.  The  animal 
was  old,  and  had  been  many  years  in  the  place.    At  death  the 

SoT.nT'  T''^  '""'''^  ^^'^  ^^^S^^^'         tli^  spleen 

was  not  enlarged,  nor  was  it  coloured  abnormally.    The  usual 
oedema  was  apparent  and  most  marked  in  the  sheatb,  up  tlie 
abdomen  m  the  chest,  and  down  the  posterior  limbs, 
fniw"    Ti'^-ton  inoculated  a  horse,  an  ox,  and  a  goat  success- 
W  i'n  ,1^' ^^""f  t        ^  sub-acute  form  in  the  original  horse, 
latll  o.      inoculated  one  it  seemed  rather  more  acute.  Inocu- 
It  ki?       rr^.r^^*^'  trypanosomes  were  seen  in  its  blood  on 
the  25th  and  by  March  1st  the  sheath  was  swollen.    There  was 
no  real  fever  <102-2°  F.)  until  February  28th,  so  that  in  tlis 
case  the  appearance  of  parasites  preceded  the  fever.    On  March 
-th  It  ha^  greatly  recovered,  oedema  had  subsided,  and  the  weak- 
ness of  the  preceding  few  days  was  recovered  from.    Dr.  Eding- 
ton  left  on  March  8th,  and  fears  the  animal  was  destroyed,  as 
they  had  no  further  vote  for  funds  for  food,  &c 

A  young  ox    inoculated  on  February  15th,  showed  trypano- 

17Z  T  .     ^"'^  ^'^'^^  ^i^^'  ^-^'  recovered 

oetoie  he  left  and  trypanosomes  were  exceedingly  few  A  ffoat 
showed  high  fever,  but  its  blood  never  showed  trypanosomes  at 

S.u"hnes.:  ^'^^^'^"^   ^^^^^^^  -^^^ 

_  Two  rabbity  were  inoculated,  one  subcutaneously  and  one 
mtraperitoneally  The  former  was  sent  to  Dr.  Mesnil  from 
Marseilles  but  it  has  shown  nothing.  It  was  twice  inoculated 
with  big  doses  one  from  a  horse  and  one  from  an  ox.y  The  other 
Dr.  Edmgton  handed  over  to  Dr.  Bradford,  and  from  this  rabbit 
the  trypanosonie  under  consideration  was  obtained  and  studied 

On  examining  the  rabbit's  blood,  the  trypanosome  was  found 
to  be  a  small  one,  with  poorly-developed  undulating  membrane 
and  no  free  flagellum.      Tlie  average  length   was   only  13  5 
microns.  j  -^^  u 


Although  it  IS  impossible  in  some  cases  to  name  the  trypano- 
somes from  their  shape  and  size  alone,  still  it  is  evident  that  a 
trypanosome  of  this  si.e,  with  no  free  flagellum,  cannot  be 
J  ^-jjpanosovui  brucei,  evansi,  gamhiense,  or  several  other  species 
which  need  not  be  enumerated.  The  names  of  such  small  trv 
panosomes  as  Trypanosoma  naimm  (Laveran),  Trypanosoma  con- 
fjoleme  (Jiroden),  or  Trypanosoma  dimorphon  (Dutton  and  Todd^ 
at  once  occur  to  the  mind.  ^' 

No  doubt  the  tendency  in  naming  these  hcematozoa  is  to 
nmltiply  unnecessarily  the  number  of  species.  But  on  the 
other  hand,  it  is  just  as  great  a  mistake  to  lump  too  many  species 
together,  as  has  been  done.  If  there  is  some  well-marked 
difterence  m  two  trypanosomes,  even  if  alike  in  shape  such  as 
their  power  of  setting  up  disease  in  certain  animals,  their  mode 
of  spreading  from  the  sick  to  the  healthy-it  may  be  in  one  bv 
tsetse  flies,  in  another  by  stomoxys,  oi-  tabanus,  or  by  otl.ei- 

ZTlT  V^-'  i«     ^^'^^  Practical  use  to  distiiigui.sl 

tliem  by  diftereut  specific  names. 
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Again,  it  might  be  argued,  tliat  if  two  trypanosomes  were 
(litt'erent  iiiorpliologically,  but  bad  the  same  effec-t  on  animals, 
the  same  distribution  and  the  same  carrier,  then  the  two  varieties 
for  practical  purposes  might  be  included  in- the  same  species. 

Eor  example,  when  we  have  to  do  with  Trifpanosoma  ffambiense 
we  at  once  know  that  man  is  susceptible,  that  the  carrier  is 
G/ossina  j^ahmlis,  and  tliat  we  must  keep  ourselves  out  of  the 
area  of  distribution  of  this  fly  if  we  would  escape  infection. 
Theories  in  regard  to  the  spread  of  sleeping  sickness  by  mosqui- 
toes, stomoxys,  fleas,  sexual  intercourse,  and  such  like,  may,  for 
practical  purposes,  be  ignored.  If  it  is  Tnjpannsnma  hrucei, 
then  we  know  man  is  not  susceptible,  but  that  we  must  keep  our 
liorses,  cattle,  and  dogs  out  of  the  area  of  distribution  of 
Glossina  morsitans. 

The  three  most  important  questions  to  be  borne  in  mind,  in 
classifying  trypanosomes,  are,  what  animals  are  they  capable  of 
infecting,  the  gravity  of  the  infection,  and,  thirdly,  what  is  tlie 
carrier  r"  To  these  may  be  added  the  morphology  of  the  trypano- 
some,  its  cultural  characteristics,  if  any,  and,  if  possible,'  cross- 
inoculation  experiments.  If  these  several  facts  could  be  set  down 
for  each  trypanosome  encountered  in  Africa,  then  some  classifi- 
cation of  the  African  species  might  be  attempted.  But  it  is 
only  for  a  few  species,  such  as  Trypniiosoma  c/amhiense  and 
Tnjpcniosoma  hrucei,  that  we  have  rill  these  data.  Take,  for 
example,  the  ease  of  Trijjmnosoma  congnhnse  (Broden)  and 
Trypanosoma  dimorphon  (Dutton  and  Todd) — most  important 
trypanosome  diseases.  Laveran  thinks  tliey  are  distinct  on 
account  of  a  cross-inoculation  experiment,  but  Broden  liimself, 
Rodhain,  and  Dutton  and  Todd  all  seem  to  lean  to  their  really 
being  one  and  the  same  species.  AVith  the  data  at  our  disposal 
at  present  it  is  impossible  to  come  to  a  definite  decision. 

At  the  present  time  the  classification  of  the  pathogenic  try- 
panosomes is  in  a  state  of  chaos,  and  we  have  no  desire  to  add 
to  the  confusion.  Nevertheless,  we  think  it  will  be  well  to  give 
a  description  of  Dr.  Edington's  trypanosome,  as  far  as  we  have 
been  able  to  study  it,  in  view  of  the  fact  that  we  are  starting  at 
once  for  Uganda  to  continue  the  investigation  of  sleeping 
sickness. 

MoKT'TTOLOCiY  OF  Dr.   EdINGTON's  TrTPANOSOME. 

A.  Liviiiff,  itnstained. 

Dr.  Edington's  trypanosome  in  the  fresh  condition,  as  seen  in 
a  drop  of  blood  from  an  infected  guinea-pig  or  rat,  appears  short 
and  stumpy  in  outline,  about  twice  the  diameter  of  the  red 
blood  corpuscles,  among  which  it  slowly  moves,  with,  as  a  rule, 
its  rapidly-vibrating  flagellum  in  front.  The  posterior  or  non- 
flagellar  extremity  appears  blunt  and  rounded  off  abruptly,  while 
the  anterior  tapers  oft'  to  a  fine  point.  In  tlie  fresh  preparation 
the  undulating  membrane  is  not  much  in  evidence,  thougli  some- 
times it  can  be  seen  thrown  into  waves.  The  contents  of  the 
cell  are  homogeneous,  except  for  a  small  refractile  body  at  the 
posterior  extremity,  which  is  evidently  the  micro-nucleus. 
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B.  Fixed  and  stained. 

Metlwd  of  staimng.~T\xe  metliorl  used  for  fixing  and  staining 
the  trypa^nosomes  is  usually  as  follows.  The  blood-film  wliile 
still  moist  18  exposed  to  the  vapour  of  a  4-per-c-ent.  solution  of 
osmic  acK  in  distilled  water,  to  which  a  drop  of  glacial  acetic 
acid  has  be^n  added,  for  45  seconds.  The  coyer-glass  is  then 
transferred  to  absolute  alcohol  for  from  five  minutes  to  half  an 

Y'  +  in"  '  P'^^^^'^  through  grades  of  alcohol  from  80  per 
ce;it.  to  10  per  cent,  in  distilled  water.  Twenty-five  drops  of 
Giemsa  s  stock  stain  (Griibler's)  are  now  mixed  with  25  c  c.  of 
distilled  water.  The  films  are  placed  in  this,  face  downwards, 
tor  8  to  12  hours,  then  washed  in  distilled  water,  and  rinsed 
quickly  m  solution  of  orange  tannin  (orange  G.  1  per  cent  , 
tannin  5  per  cent.,  in  distilled  water).  When  sufficiently 
decolorised,  the  films  are  washed  in  distilled  water,  dehydrated 
by  passing  through  acetone,  cleared  in  xylol,  and  mounted  in 
Canada  balsam. 

Dr.  Edmgton's  trypanosome  when  stained  in  this  way  appears 
t  ^T'^  "^'^^^  reddish-purple  nucleus  and  micro- 

nucleus,  a  he  following  detailed  description  must  be  understood 
to  reter  to  this  trypanosome  as  found  in  the  blood  of  the  white 

Length.~li  is  no  easy  matter  to  measure  these  small  irreoai- 
larly-shaped  bodies,  and  doubtless  the  method  of  measurement 
used  will  govern  to  some  extent  the  result.    The  method  used  by 
us  is  simply  to  draw  a  sharp  outline  of  the  trypanosome  by  means 
ot  a  Zeiss  camera  lucida,  at  a  magnification" of  2,000  diameters, 
and  then  to  measure  along  the  middle  line  of  the  body  by  means 
ot  a  pair  of  fine  compasses,  the  points  of  which  are  separated 
-  mm.      Each  step  the  compass  takes  is  therefore  equal  to 
1   micron.      Twenty  trypan osomes,   taken  as  they  come  are 
measured  m  this  way  in  each  specimen,  and  an  average  of  the 
20  measurements  taken.    The  following  table  gives  some  of  the 
results  :  —  , 

Dr.  Edington's  Trijjjaiw.<<nv\e. 


111  Microns. 

No.  of  Experiment. 

Day  of 
Disease. 

Method  of 
Staining. 

Average 
Length. 

Maximum 
Length. 

Minimum 
Length. 

134,  mouse  

69,  rat   

71  ... 

1)          •••  ... 

))          ••«  ... 

84,'rabbit  ... 

Guinea-pig  

166,  dog   

9 
30 
30 
30 
30 
30 
22 
IH 
14 

Giemsa 
Leishman  ... 
Giemsa 
Methyl  green 
Giemsa 
Leishman  ... 
Giemsa 
)) 

))  ••• 

15-3 
13-0 
13-9 
13-4 
15-0 
13-5 
13-0 

12-  5 

13-  0 

20-0 

16-  0 

17-  0 

18-  0 
18-0 
17-0 
16'0 
16-0 
160 

13-0 
10-0 
10-0 

10-  0 
13-0 

11-  0 
9-0 
8-0 

100 

Average  ... 

13-6 

17-1 

10  4 

16 


For  purposes  of  comparison  measurements  of  Trypanosoma 
diinorjjJion  and  Trypanosoma  congolense  are  given  in  th^e  following 
tables : — ■ 


In  Microns. 

No.  of  Bxperiinent, 

Day  of 
Disease. 

Method  of 
Staining. 

Average 
Length. 

Maximum 
Length. 

Minimum 
Length. 

Trypanosoma  dimorphon. 


Mouse  (Laveran  and 

Mesnil). 
116,  rat  (Breinl)  ... 


Dog  (Harvey,  Sierra 

Leone). 
Cow  (Smith,  Sierra 

Leone). 


? 

Griemsa 

13-8 

17-0 

12-0 

15 

n             •  •• 

13-8 

16-0 

11-0 

9 

Leishman  ... 

11-3 

14-0 

9-0 

9 

12G 

15-0 

11-0 

? 

)i  ••• 

12-3 

15-0 

9-0 

9 

)) 

12-4 

15-0 

10-0 

Average  ... 

12-5 

15-3 

10-3 

Trypanosoma  congolense. 


142,  mouse ... 

7 

Giemsa 

12-8 

150 

10  0 

143,  mouse ... 

5 

Leishman  ... 

11-5 

14-0 

100 

152,  rat   

11 

Giemsa 

11-6 

15-0 

9-0 

I)  ••• 

11 

))  ••• 

11-5 

140 

10-0 

154,  rat   

19 

,,  ... 

12-6 

17-0 

10-0 

Average  ... 

12-0 

15-0 

9-8 

Breadth. — On  an  average  the  breadth  at  the  widest  part  is 
3  microns. 

Shape. — Dr.  Edington's  trypanosome  when  stained  is  seen  to 
be  of  a  short  and  stumpy  shape,  somewhat  reminding  one  of  a 
miniature  electric  eel.  The  posterior  extremity  is,  as  a  rule, 
blunt,  or  rounded  or  obtuse-angled,  but  sometimes,  though 
rarely,  it  is  prolonged  into  a  sharp  beak-like  process.  The 
anterior  end  tapers  more  or  less,  and  ends  in  a  short  stout  flagel- 
lum.  The  undulating  membrane  is  narrow  but  distinct.  The 
tlagellum  arises  at  or  near  the  micro-nucleus  and  passes  along 
the  edge  of  the  undulating  membrane.  There  is  no  free  tlagel- 
lum, the  protoplasm  of  the  cell  and  the  undulating  membrane 
extending  as  far  as  the  tip  of  the  tlagellum. 

Contents  of  Cell. — The  protoplasm,  whi(di  is  stained  a  pale  puce 
colour,  is  liomogeneous  in  structure. 

iVi«'Zm,s.— The  nucleus  is  oval  in  shape,  about  2-5  microns  in 
lengtli,  and  is  situated  at  the  centre  of  the  trypanosome. 

Micro-nucleus.  —  The  micro-nucleus,  centrosome,  or  kineto- 
nucleus,  is  small,  round,  or  rod-sliaped,  and  is  situated  close  to 
the  posterior  extremity.    It  stains  more  deeply  than  the  nucleus. 

Undulating  Membrane. — The  undulating  membrane  is  narrow. 
As  a  rule  it  is  straight  and  simple,  and  does  not  show  much 
tendency  to  be  thrown  into  folds. 

Flagellum. — The  tlagellum  stains  intensely.  It  is  well 
marked,  and  does  not  project  beyond  the  protoplasm  of  the  cell 
and  the  undulating  membrane,    Sometimes,  in  faintly-stained 
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specimens  there  is  the  appearance  of  a  slight  proiection  of  the 
flagelhim  beyond  the  body;  but,  speaking  broadly,  this  species 
of  trypanosome  may  be  said  to  have  no  free  flagellnm. 

The  conchisjon  to  be  drawn  from  a  study  of  the  morphology 
of  Dr.  Ldmgton  s  trypanosome,  Trypanosoma  dimorphon,  and 
Tr,/panosoma  congolense  is,  that  the  two  first  resemble  each 
other  very  closely,  whereas  Trypanosoma  congolense  seems 
to  be  of  a  somewhat  shorter  and  stouter  form.  It  will 
also    be    seen    tht^t    in    the    strain    of    Trypanosoma  clknor- 

n  h?  ^^^«<^J\bed  by  Button  and  Todd.      With  regard 

to  tins,  It  may  be  of  mteiest  to  quote  some  remarks  of  Dr.  Breinl, 
to  whom  I  am  obliged  for  his  courtesy  in  sending  me  this  strain. 
He  writes :_  With  regard  to  Trypanosoma  dimorphon,  you 
are  aware  that  some  remarkable  change  has  occurred  in  the  strain 
between  the  time  Drs.  Dutton  and  Todd  brought  it  back  from 

^n^^  7a  T  "^"/^  Whereas  Drs.  Dutton 

and  1  odd  ^describe  the  long  flagellated  forms  with  the  free 
tiagella,  Ihomas  and  myself,  Laveran  and  Mesnil,  could  not  see 
these  forms  with  a  thin  body  and  a  long  flagellum.  The  strain 
l  send  you  m  a  rat  is  the  original  strain." 

It  IS  difficult  to  understand  how  this  change  in  morphology 
has  been  brought  about.  It  may  be  that  Dutton  and  Todd  were 
dealing  with  a  double  infection,  of  which  one  has  died  out.  This 
point  will  require  to  be  investigated  on  the  spot 

Another  matter  for  consideration  is  whether  this  name  Trv- 
panosoma  dimorphon  should  be  adhered  to.  It  certainly  seems  a 
misnomer  when  applied  to  the  strain  figured  above.  If  it  should 
be  decided  to  drop  it,  I  think  the  compliment  should  be  paid 
to  Dr.  Todd  of  naming  it  after  him. 

Inoculation  Experiments  on  various  Species  of  Animals. 

The  animals,  in  which  the  effect  of  the  inoculation  of 
Ur  Jidmgton  s  trypanosome  has  been  studied,  have  been  horses 
cattle,  goats,  monkeys,  dogs,  rabbits,  guinea-pigs,  white  rats' 
and  mice.  The  inoculations  were  made,  as  a  rule,  intraperi- 
toneally.  Inoculation  experiments  with  Trypanosoma  dimor- 
phon are  also  given  for  purposes  of  comparison.  These  are 
printed  in  italics  :  — 


No.  of  Experiment. 

Source  of 
Virus. 

Period  of 
Incubation, 
in  Days. 

Duration 
of  Disease, 
in  Days. 

Ediugton  

Unknown 

Horses. 
Unknown 

Unknown 

Horse 

7 

)> 

Button  and  lodd... 

)»  ••• 

Laveran  ... 

Natural 
infection. 

Unhiown 
)» 
)) 

3  5  yeais, 
slill  alive. 
1  year,  still 
alive. 

Bemarks. 


15477 


acute  course. 
Living  after  18  days 

when  Dr.  E.  left. 
Blood  still  infective. 

No  record. 

Morse  recovered. 

B 
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No.  of  Experiment. 

Source  of 
Virus. 

Period  of 
Incubation, 
in  Days. 

Duration 
of  Disease, 
in  Days. 

Remarks. 

Cattle. 

Edington  

Horse 

12 

Unknown 

Animal  looked  well 

Button  and  Todd... 

10-5 
Goats. 

30 

on  2l8t  day. 

•X.  lAJU  i^lAuuvti, 

Edington  

Horse 

Unknown 

Unknown 

Blood  never  showed 

Dutton  and  Todd... 

3-5 

Well  after 
a  year. 

trypanosomes  up  to 
18th  day. 
Two  goats. 

Monkeys. 


1 74          •  •  •       «• « 

Bat 

3 

22 

175   

3 

— 

Thomas  and  Breinl 
Dutton  and  Todd... 

— 

4  and  6 
4 

Dogs. 

160  and  75 

165 

Rat 

7 

18 

166   

167   

179          •  •  •       « » « 

)) 
)> 
)) 

9 
7 
7 

15 
17 
14 

180 

)> 

9 

14 

181   

Thomas  and  Breinl 
Dutton  and  Todd... 

H 

7 

4  to  8 
8 

Rabbits. 

14 

10  to  19 
29 

70 

•  \f  ••• 

Rabbit 

25 

u 

10 

118   

)> 

12 

■  100 

119 

)) 

15 

120   

Thomas  and  Breinl 

Dutton  and  Todd... 

» 

12 

9 

13 

19 

Acute, 
26—35; 
chronic, 
78—157. 
53 

Spleen  enlarged. 

General  glandular 

enlargement. 
Stm  alive  (Sept.  11, 

1908). 
Two  monkeys. 
Two    never  became 

infected. 


Spleen  enormously 
enlarged. 


))  )» 
Marked  ulceration  of 

stomach. 
Spleen    greatly  en- 
larged. 

I)  )) 

Average  of  4  days. 


Still  alive  after  146 
days. 

Still  alive  after  136 
days. 

Spleen  4  inches  long 
and  much  thickened. 

Still  alive  after  103 
days. 

Spleen  enlarged. 


One  rabbit. 
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Soiu-oe  of 
Virus. 

Period  of 

Duration 

No.  of  Experiment. 

Incubation, 

of  Disease, 

Remarks. 

in  Days. 

in  Days. 

&UINEA-PIGS. 


32  ••• 

110   

111   

124  ...  ... 

125   

126   

Dutton  and  Todd... 
Thomas  and  Breinl 


69  ... 

83  ... 

83a 
127 

128 

88  ... 

89  ... 

106 
107 

108 
109 
102 

102a 

121 
122 
123 
156 


•  • •  • 


157   

Button  and  Todd... 
Thomas  and  Breinl 


132         ...  ... 

134   

137   

Dutton  and  Todd... 
Ihomas  and  Breinl 


Babbit 

25 

134 

Xiilli 

12 

43 

)) 

19 

43 

)) 

21 

11 

21 

69 

» 

41 

65 

6 

30 



4  to  15 

9  to  60 

White  Rats. 

Rabbit 

13 

30 

1) 

10 

— 

)) 

11 

)) 

7 

41 

)) 

7 

36 

Bat  ii 

5 

20 

),  ii 

5 

~ 

ii 

0 

„  ii 

4 

14 

ii 

7 

35 

''  }}. 

5 

28 

ill 

6 

„  iii 

7 

37 

"  }}} 

4 

37 

" 

5 

44 

"  ^\ 

4 

)>  iii 

7 

20 

„  iii 

7 

23 

7 

36 

4  to  7 

7  to  42 

Mice. 

Rat 

10 

24 

)) 

■  4 

11 

)) 

10 

11 

5 

16 

2  to  5 

16  to  23 

37  to  130 

Liver  and  spleen  en- 
larged. 

Liver  and  spleen 
greatly  enlarged. 

Still  alive  after  105 
days. 

Liver  and  spleen  en- 
larged. 

)i  )> 
Tioo  guinea-pigs. 


Typical  post-mortem 

appearances. 
Killed  for  cultivation 

experiments. 

))  )) 
Usual    post  -  mortem 

appearances. 

2nd  passage  through 
rat. 

Killed  for  cultivation 
experiments. 

Typical  post  -  mortem 
appearances. 


Killed  for  cultivation 

experiments. 
Usual    post  -  mortem 

appearances. 


Rat  lost. 

Usual    post  -  mortem 
appearances. 


Conclusion. — The  results  of  these  inoculation  experiments  with 
Dr.  Edington's  trypanosome  and  Trypanosoma  dimorphon  show 
that  they  act  on  the  various  animals  employed  in  a  strikingly 
similar  manner. 

15477  B  2 
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Cultivation  OF  Dr.  Edington's  Teypanosome,  Trypanosoma 
dtmorplion  and  Trypanosoma  congolense. 

In  June  1903  Novy  and  MacNeal  first  announced  the  success- 
ful cultivation  of  Trypanosoma  lewisi.  In  the  same  year  and 
m  tlie  following  year  they  also  succeeded  in  cultivating  Trypano- 
soma  hruce'i  ^Jid  Trypanosoma  evansi.  These  gentlemen  d^erve 
the  highest  possib  e  credit  for  this  most  difficult  achievement,  an 
achievement  which  most  workers  in  this  subject  thought  impos- 
sible The  amount  of  work  they  expended  and  the  splendid 
intelligence  and  pertinacity  with  which  they  pursued  their 
object,  refusing  to  accept  defeat,  command  the  admiration  of  all 
their  co-workers  m  this  branch  of  biological  science.  Since  then 
the  trypanosomes  of  birds,  frogs,  and  fish  have  been  cultivated 
by  the  same  and  other  workers ;  but  these  successes  have  only 
been  made  possible,  as  a  rule,  by  the  pioneer  work  of  Novy  and 
his  assistants.  Coming  out  of  their  work,  mention  may  also  be 
made  of  the  very  interesting  and  important  observation  made 
by  Rogers  when  he  grew  Leishman's  bodies  in  ordinary  citrated 
blood  into  trypanosome-like  flagellates. 

One  of  the  chief  interests  attaching  to  this  cultivation  of  try- 
panosomes is  that  it  may  assist  in  separating  the  different  species 
of  these  organisms.  At  the  present  time  trypanology  is  in  a 
state  of  chaos  on  account  of  this  difficulty  in  differentiation. 
Many  diseases  of  animals  caused  by  trypanosomes  have  been 
reported  from  all  parts  of  Africa,  Arabia,  India,  the  Philippines, 
Mauritius,  &c.,  and  it  has  often  been  found  impossible  to  name 
the  species  of  trypanosoma  causing  them  with  any  approach  to 
certainty. 

As  mentioned  _  above,  the  usual  method  of  separating  the 
different  species  is  by  taking  into  consideration  the  morphology, 
the  result  of  inoculation  into  animals,  the  cross-immunisation 
methods  and  serum  diagnosis  of  Laveran  and  Mesnil,  the  mode 
by  which  the  disease  spreads  from  the  sick  to  the  healthy — by 
a  tsetse  fly,  a  stomoxys,  a  tabanus,  or  by  contact,  as  in  dourine — 
by  the  effect  of  various  drugs,  cultivation,  &c. ;  and,  as  already 
stated,  the  effect  the  parasite  has  on  animals  and  the  mode  of 
conveyance  are  probably,  for  practical  purposes,  the  most  im- 
portant. But  to  assist  in  separating  the  various  species,  cultiva- 
tion has  been  of  use  in  the  past,  and,  as  the  methods  become 
perfected,  will  be  of  still  greater  use  in  the  future, 

The  following  description  pf  the  cultural  characters  of  Dr. 
Edington's  trypanosome  exemplifies  this,  for,  by  comparing  them 
with  the  cultural  characters  of  other  pathogenic  species,  a  fairly 
shrewd  guess  at  its  classification  may  be  made  by  this  means 
alone.  For  the  purpose  of  this,  comparison  a  compilation  of  the 
cultural  characters  of  Trypanosoma  lewisi,  Trypanosoma  hrucei, 
and  Trypanosoma  evansi  has  been  made  from  the  writings  of 
Novy,  MacNeal,  and  Smedley. 

It  may  be  mentioned  here  that  attempts  have  been  made  in  this 
laboratory  to  cultivate  these  three  species.  The  cultivation  of 
the  first  was  found  to  be  a  comparatively  easy  matter;  but  all 
attempts,  and  they  were  many,  to  cultivate  the  last  two  have, 
up  to  the  present,  failed,  although  Novy's  instructions  were  care- 
fully followed. 
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Cultivation  Medium,  used. 

The  blood-agar  uiediuin  used  was  made  according  to  instruc- 
tions kindly  sent  by  Professor  Novy.  These  need  not  be  repeated 
liere,  as  tlie  details  are  fully  given  by  Novy  and  MacNeal  in 
various  papers. 

Cultural  Characters  of  Trypanosoma  lewisi. 
A.  Living,  unstained. 

Size. — Varies  considerably  in  size.  Some  are  not  more  than 
1  or  2  microns  long,  not  including  the  flagellum.  Others  are 
about  the  diameter  of  a  red  blood  corpuscle,  while  the  usual  length 
of  the  spindle-shaped  cells  is  15  to  20  microns.  Some  trypano- 
somes  can  be  found  at  times  which  are  50  to  60  microns  long. 
The  greatest  variation  in  size  is  found  m  young  cultures. 

Shape. — Trypanosoma  lewisi  varies  greatly  in  shape,  as  well 
as  in  size.  -Eound,  pear-shaped,  fusiform  and  slender  forms  are 
present  in  the  cultures.  The  round  forms  are  usually  found  in 
old  cultures,  and  are  probably  involution  forms. 

CoThtents  of  Cell. — The  protoplasm  in  Trypanosoma  lewisi, 
especially  in  young  cultures,  is  bright,  glistening,  and  apparently 
homogeneous  in  structure  in  the  fusiform  and  slender  forms. 

Undulating  Membrane. — Not  present  as  far  as  can  be  seen.  The 
movement  of  these  cultural  forms  appears  to  be  entirely  due  to 
the  rapid  motion  of  the  flagellum. 

Flagellum. — These  forms  possess,  as  a  rule,  a  long  free  flagel- 
lum. In  the  slender  forms  this  is  sometimes  twice  the  length  of 
the  body. 

Motion. — The  single,  slender,  cultural  forms  of  Trypanosoma 
lewisi  are  very  active,  and  dart  across  the  field  of  the  microscope 
in  a  straight  line.  In  older  cultures  the  round  and  other  involu- 
tion forms  do  not,  as  a  rule,  show  more  than  a  slight  swaying 
movement.  ° 

Colonies  or  Aggregations. — Growth  commences  in  a  first 
generation  about  the  fifth  day  by  the  appearance  of  small  rosettes 
composed  of  a  few  trypanosomes.  The  Colonies  rapidly  grow, 
so  that  on  the  following  day  masses  of  wriggling  trypanosomes 
may  be  seen.  These  aggregations  of  twenty  or  more  are  attached 
by  their  flagella.  They  grow  larger  and  larger  until,  about  the 
twenty-fourth  day,  they  are  apparent  to  the  naked  eye,  and  con- 
sist of  many  thousands  of  trypanosomes. 

B.  Fixed,  stained. 

Frotoplas7n. — Homogeneous,  as  a  rule.  Vacuolation  is  rare, 
but  sometimes  a  large  highly-refractile  vacuole  is  seen. 

Nucleus. — Round  or  oval  in  shape.  Situated  centrally  or  at 
the  junction  of  the  anterior  and  middle  thirds. 

Micro-nucleus. — Is  placed  either  close  to  the  nucleus  or  at  a 
variable  distance  anterior  to  it.  In  the  free  forms  it  is  never  seen 
lying  posterior  to  the  nucleus.  As  a  rule,  it  is  a  rod-shaped 
structure,  lying  transversely  to  the  long  axis  of  the  trypanosome. 
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FlageUum.-Avises  from  the  vicinity  of  the  micro-nucleus, 
ihe  free  Hagellum  is  often  two,  three  or  four  times  the  length 
o±  the  body  of  the  trypanosome. 

Undulating  Membrane. — In  the  fultiiml  ^m.r^^  ^-f  v 
,     •  •  .  1  •    i      J       •       •    j-jj^  tuc  uuiiuiai  lorm  ot  1  rypanosoma. 
lewzs'i  this  structure  is  apparently  absent. 

Colonies  or  Aggregations. -There  is  little  to  add  to  the  descrip- 
tion of  the  trypanosomes  and  of  their  arrangement  in  Colonies 
Stained  preparations  show  that  the  .trypanosomes  sometimes 
possess  very  long  flagella.  Novy  and  MacNeal*  have  not 
apparently  succeeded  m  staining  the  flagellum  in  their  prepara- 
tions, though  they  noted  the  position  of  the  centrosome  Thev 
expressed  the  opinion  that  the  end  of  the  trypanosome  pointing 
towards  the  periphery  of  the  Colony  was  the  anterior  extremity 
and  that  from  it  a  flagellum  would  arise  if  the  cultural  con- 
ditions were  perfected  (Smedley). 

Measurements  of  the  Cultural  Forms  of  Trypanosoma  lewisi. 
Pear-shaped  Fo,'ms.—{l)  Body,  3-6  to  i'i  microns  long,  and 
nearly  as  broad.    (2)  Flagellum,  two  to  four  times  the  length 
oi  the  body. 

Spindle-shaped  Forms.— 14  to  16  x  2-4  to  3-5  microns,  flagel- 
lum not  included. 

Smaller  and  larger  forms  are  frequently  found. 

The  adult  parasitic  form  of  Trypanosoma  lewisi  measures  24  to 
25  X  1-5  microns  (Laveran  and  Mesnil)  (Smedley). 

Cultural  Characters  or  Trypanosoma  brucei. 
A.  Living,  unstained. 

.S'i2;e.— Shows  less  variation  in  size  than  Trypanosoma  lewisi, 
and  averages  15  microns  in  the  living  condition.  Smaller  than 
those  found  in  the  blood. 

Shape.— Bo  not  vary  much  in  shape,  and  closely  resemble  the 
forms  found  in  the  blood  (Smedley). 

Contents  of  Cell. — Show  one  or  two  very  large,  bright,  and 
highly-refracting  globules,  usually  placed  near  the  anterior  or 
flagellar  end,  in  the  otherwise  homogeneous  colourless  cell.  In 
size  the  globules  may  attain  1  micron.  At  times  the  number  of 
these  globules  is  increased,  as  when  the  culture  is  kept  at  34°  C. 
The  presence  of  mimerous  large,  highly-refractile  globules  in  the 
cultural  forms  of  Trypanosoma  brucei  is  attributed  by  Novy  and 
MacNeal  to  degeneration  of  the  organisms,  owing  to  imperfection 
of  the  culture  medium.  These  globules  become  more  numerous 
as  the  age  of  the  culture  advances.  Do  not  seem  to  alter  in  posi- 
tion or  shape  if  kept  under  observation  for  several  hours.  Resist 
staining  completely.  Laveran  and  Mesnil  suggest  that  the 
globules  are  of  the  same  nature  as  the  refringent,  unstainable 
granules  found  in  Trypanosoma  rotatorium. 

Undulating  Membrane.— 'No  detailed  description  available. 


•  '  Cultivation  of  Trypanosoma  brucei,'  p.  28. 


2^ 


Flagelium  . — The  flagellum  in  the  living  cell  is  by  no  means  as 
distinct  and  as  long  as  that  of  Trypanosoma  lewisi. 

Motion. — The  motion  of  Trypanosoma  brucei  is  slow  and 
wriggling,  and  only  exceptionally  is  a  slowly-progressive  form 
observed.  The  wave-motion  slowly  passes  along  the  thick,  un- 
dulating membrane,  and  gives  the  appearance  of  a  spiral  rota- 
tion to  the  entire  cell.  Scarcely  departs  from  its  "place  (Novy). 
In  a  young  culture  the  trypanosomes  are  found  to  possess  very 
active  movements.  Sometimes  they  advance  across  the  field 
moderately  quickly,  but  their  rate  of  movement  is  always  much 
slower  than  that  of  the  rat  trypanosomes,  whose  flagella  are  longer 
and  more  rapid  in  motion  (Smedley). 

Colonies  or  Aggregates. — Occurs  in  groups  or  rosettes.  Rarely 
forms  masses  of  more  than  10  to  20  cells.  The  individuals  are 
long,  narrow,  and  show  the  peculiar  writhing  motion.  The 
flagella  are  directed  outwards,  and  the  appearance  of  the  whole 
may  be  compared  to  the  snakes  on  a  Medusa  head.  The  stellate 
group  with  the  bright,  refracting  globules  within  the  cells,  sug- 
gests a  jeweller's  "  sun  burst  "  (Novy).  The  active  movements 
of  the  trypanosomes,  and  the  large  glistening  vacuoles  with  which 
they  are  stiidded,  give  these  colonies  a  singularly  beautiful 
appearance  (Smedley). 

B.  Fixed,  stained. 

Protoplasvi. — The  protoplasm  invariably  contains  a  few  deeply- 
stained  granules  of  a  red  or  violet  colour.  The  vacuoles  are  seen 
as  clear  circular  spaces  with  sharply-defined  outlines  in  stained 
preparations  (Smedley). 

Nucleus. — Round  or  oval  in  shape ;  and  in  older  forms  it  breaks 
into  masses  of  cromatin,  which  are  found  distributed  through  the 
protoplasm  of  the  cell  (Smedley). 

Micro-nucleus. — This  is  much  smaller  than  in  Trypanosoma 
lewisi;  it  is  usually  circular,  but  sometimes  elongated.  It  stains 
a  deep  red  or  purple  colour,  and  it  is  sometimes  difficult  to  dis- 
tinguish it  from  the  other  granules.  It  is  generally  found  close 
to  the  vacuole;  sometimes  it  lies  close  to  the  nucleus,  but  it  is 
nearly  always  posterior  to  the  latter  structure  i(Smedley). 

Flagellum. — Takes  a  tortuous  course  along  the  free  Ijorder  of 
the  undulating  membrane,  and  projects  for  a  short  distance  from 
the  anterior  extremity  (Smedley). 

Undulating  Membrane. — No  detailed  description  given. 

Colonies  or  Aggregates. — Most  of  the  flagella  are  directed  in  an 
outward  direction.  It  is  rare  to  find  Colonies  of  a  large  size 
(Smedley). 

Measurements  of  the  Cultural  Forms  of  Trypanosoma  brucei. 

Length,  including  flagellum,  18  to  23  x  2" 5  to  3"5  microns. 
Length  of  free  flagellum,  3  to  5  microns.  Diameter  of  vacuoles, 
1  to  2  microns.  The  adult  parasitic  forms  of  Trypanosoma  brucei 
measure,  in  the  blood  of  rats,  26  to  27  x  1'5  to  2'5  microns 
(Laveran  and  Mesnil)  (Smedley), 
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Cultural  Charactebs  of  Trypanosoma  evansi. 
A.  Living,  unstained. 

i' n~';r  fl^'  "     ^'"^-^^  individual  measured  21  microns, 

Willie  the  flagellum  was  28  microns  in  lengtli 

^Vja?.^  -The  slender  fusiform  body  terminates  at  one  end  in 

a  delicate  flag-e  lum.    The  posterior  end,  especially  when  blunt 

showed  a  rod-hke  tip  or  stylet,  which  varied  from  2  to  4  or  even 

b  microns  m    ength.     As  the  cultures  aged,  pear-shaped  or 

spherical,  highly  granular,  involution  forms  appeared.    In  the 

former  type  measuring  about  3  by  5  microns,  the  end  was  often 

provided  wi  h  a  flagellum,  10  to  15  microns  long,  which  still 

showed   a   slow  lashing  movement,  though  the  cell  itself  was 

motionless.    The  spherical  forms  varied  from  4  to  9  microns  in 

diameter,  were  granular,  and  often  showed  a  remnant  of  the 

tiagellum  as  a  short,  stiff,  motionless  whip.    These  involution 

forms,  as  in  the  case  of  Trypanosoma  lewisi  and  Trypanosoma 

Irucez,  eventually  gathered  into  large  groups  or  masses,  whicL 

at  times  filled  the  field  of  an  immersion  lens.    Later  on,  the 

round  bodies  broke-  up  into  masses  of  very  minute  granules 

Contents   of  CeZZ.— Presence   and   peculiar   arrangement  of 

granules  withm  the  cells,  and  a  distinct  yellowish  or  greenish 

colour  of  the  granules  and  of  the  contents.    Large  numbers  of 

small  granules  or  globules,  which  vary  from  0-3  to  0-5  micron  in 

diameter.    These  globules,  as  well  as  the  contents  of  the  cell 

possess  a  decided  yellowish  or  greenish  colour,  and  appearance 

quite  unM-e  that  of  either  Trypanosoma  lewisi  or  Trypanosoma 

brucet.     Ihe  globules  are  usually  massed  in  the  anterior-third 

of  the  cells— that  is,  at  the  base  of  the  flagellum,  and  only  a  few 

isolated  granules  are  scattered  through  the  remainder  of  the 

organism  (Novy  and  MacNeal). 

Undulating  Membrane. — Is  not  recognisable  in  the  living 
organism. 

Flagellum.— \]&-\iSi\\j  as  long  and  often  even  longer  than  the 
cell  itself. 

Motion.— M\  single  and  actively  motile,  traversing  the  field  of 
the  microscope  at  great  speed.  Travel  with  the  flagellum  in  rear 
or  in  front. 

Colonies  or  Aggregates. — Entire  absence  of  the  groups  or 
rosettes,  which  are  so  characteristic  of  the  cultures  of  Trypano- 
soma lewisi  and  Trypanosoma  brucei.  The  trypanosomes  were 
all  single  and  actively  motile. 

Measurement  of  the  Cultural  Forms. 
Length,  including  flagellum,  25  to  50  by  1-5  to  2-6  microns. 

Cultural  Characters  of  Dr.  Edington's  Trypanosome. 

A.  Living,  unstained. 

No  difficulty  is  found  in  cultivating  Dr.  Edington's  trypano- 
some. As  early  as  the  second  day,  if  kept  at  25°  C,  it  is  found 
to  have  greatly  increased  in  numbers.    The  single  individuals  are 
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in  active  motion,  the  flagellum  wildly  waving  wHle  the  bodv 
slowly  moves  among  the  cormic!Plp«  V  i-  . V^.^^^^/^®  t)ocly 
seen  with  two  or  th?ee  flao^nr  M  ^'^'^'^-^  ^'"^ 

over  as  it  is  wftrm™/sman  briTtTnf  f  ""T^  ^"'^'^ 

upseTeTal  SlrtJ'nfS  *  ""^  <^<^™.  "ach  filling- 

™  stXactivelvl^Hl'^'T'"?''-,  ^""lividual  trypanosomes 
are  lo  seen  =""1  aggregation. 

Ji;,*tdTe;tto'7egt7rar  --'"^^  '^^'^ 

■;^n"dit.o".';^:£°ef oo&rii  :r ''sirofte  r-' 

el'TId7%tZlVT'^  *°  t^P^',  'o™^  vary 

Contents  of  Cell. — These  opIIs  Tiut^o  i  ni 

.^^dlX-id-^n^^^^^^^^^^^^^ 

Undulating  M embrane .—The  round    nvnl  i 

forms  are  thici  and  course  and  ''^"^8  j^J^i'ed  cultural 

struetures  usually  aloLVdIn  fhT  S  T 
Just  as  in  the  parasitic  forms  fn„3      fl?  T  ^'TPaoosomes. 
that  the  protoplLm  of  the  body  Ind  to  fte  h"°^'      'I  '"^'J""* 
g.ving  rise  to  this  thick  stump?  SpeTranL     ''^  ^^S""™ 

exhibit  activefy  wngglinf  Ce  fa  a^d  ™'  r?/"'*'™'''^' 
the  body  substance  ^  amceboid  movements  of 

ind?v^z:l^:,lfaTclmV^tHr^r  ^s^-*-'--  of  lo  to  20 

Some  of  their  flagella  mTv  h»  X   ,  ]  °  T  ""^Sed  irregularly, 
seen  entangled  in^t  raLtf,:tltrrg:tg"'''^^^ 

Xe  ricrSrZd  zi^c::  -  '-r!-   *°  « 

individual  trypan^omes  """^  °'  """"y  thousands  of 
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B.  Fixed,  stained. 

Method,  of  Fixing  and  Staining. — The  cultural  forms  of  Dr. 
Edington's  trypauosome  were  either  prepared  by  mixing  a  drop 
of  tlie  cultivation  fluid  with  fresh  serum,  spreading-  on  a  slide, 
and  staining  by  Leishman's  modification  of  Romanowsky's 
method,  or  the  fluid  was  spread  on  a  slide,  fixed  by  osmic  acid 
and  stained  by  Giemsa,  and  then  treated  with  orange  tannin  to 
differentiate  the  various  structures. 

In  Leishman-stained  preparations  the  protoplasm  of  the  cells 
is  stained  a  pale  blue,  the  nuclei  and  irregular  masses  of  chromatin 
reddish  or  pink,  while  the  vacuoles  stand  out  as  unstained  spaces 
with  sharply-defined  margins.  In  Giemsa-stained  preparations, 
on  the  other  hand,  the  protoplasm  is  stained  a  pale  puce  colour, 
while  the  chromatin  material  is  stained  reddish  purple. 

Protoplasm. — The  protoplasm  of  the  cell  is  homogeneous,  but 
contains  irregular-shaped  granules  and  masses  of  chromatin- 
staining  material.  There  are  also  present  numerous  well-marked 
vacuoles  of  various  sizes,  which  are  unstained,  and,  as  mentioned 
above,  highly  refractile. 

Nucleus. — The  nuclei  are  of  every  form  and  shape,  and  often 
broken  up  into  irregular  masses. 

Micro-nucleus. — The  micro-nuclei  are  irregularly  placed;  in 
some  cells  are  not  easily  distinguishable  from  other  granules  con- 
tained in  the  protoplasm,  but  in  many  are  clearly  seen  as  deeply- 
staining  bodies,  round  or  rod-shaped,  in  close  connection  with 
the  point  of  origin  of  the  flagella. 

Flagellum. — The  flagella  are,  as  a  rule,  thick  and  fleshy.  In 
the  irregular  forms  they  appear  to  spring  from  any  part  of  the 
shapeless  mass  of  protoplasm,  and  in  any  direction. 

Undulating  Membrane. — The  undulating  membrane  is  also 
characterised  by  its  extreme  irregularity.  In  many  cells  it 
appears  to  be  absent,  while  in  others  it  is  well  marked,  broad, 
and  thrown  into  folds. 

Colonies  or  Aggregations. — The  individual  trypanosomes  which 
go  to  compose  the  large  aggregations  are  as  a  rule  short  and 
stumpy  in  form,  with  oval-shaped  nucleus  and  short  stumpy 
flagellum.  They  are  of  irregular  shape  and  size,  and  are  placed 
without  any  seeming  order. 

Cultural  Chabacters  of  Trypanosoma  dimorphon  (Button 

AND  Todd). 

It  is  unnecessary  to  describe  in  detail  the  cultural  characters 
of  this  trypanosome,  as  they  agree  exactly  with  those  of 
Dr.  Edington's. 

Cultural  Characters  of  Trypanosoma  congolense  (Broden). 

Several  attempts  were  made  to  cultivate  Trypanosom^a  congo- 
lense, but  none  of  them  were  very  successful.  There  is  certainly 
not  the  rapid  growth  of  this  trypanosome  which  distinguishes 
Dr.  Edington's  trypanosome  and  Trypanosoma  dimorphon.  It 
is  only  after  a  long  search  that  individual  trypanosomes  can  be 
found  in  the  preparations.    There  is  no  formation  of  masses  or 
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uggregations  filling  several  fields  of  the  microscope  as  in  tlie 
others.  It  is  difficult  to  say  wlietlier  there  is  any  real  multiplica- 
tion or  not.  All  that  can  be  said  is  that,  for  about  eight  days, 
living  ti-ypanosomes  can  be  seen.  At  first  these  are  shaped  like 
the  ordinary  trypanosomes  found  in  the  blood,  only  larger  and 
swollen  m  appearance ;  but  by  the  fifth  and  following  days  these 
change  into  most  irregular  and  fantastic  shapes.  Nothing  living 
could  be  seen  after  the  eighth  day.  This  cultivation  experiment 
would  therefore  seem  to  strengthen  Dr.  Laveran's  opinion  that 
Trypanosoma  dunorphon  and  Trypanosoma  congolense  are  dis- 
tinct species. 

Conclusion. 

The  conclusion  arrived  at  is  that  Dr.  Edington's  trypanosome 
from  Zanzibar  is  probably  Dutton  and  Todd's  Trypanosoma 
dvmorphon.  One  link  in  the  chain  of  evidence,  however,  is  want- 
ing, and  that  an  important  one — ^the  identity  or  non-identity  of 
the  carrier. 

DESCRIPTION  OF  PLATES. 
Plate  1. 

^  This  plate  represents  the  shape  and  size  of  the  three  Trypanosomes  viz  •— 

1.  Dr  Edington's  trypanosome.    From  blood  of  rat.    30th  day  of  disease, 

Stamed  Giemsa.    x  2000.    See  p.  26. 

2.  Trypanosovia  dimorpJion.     From  blood  of  rat.     15th  day  of  disease 

Stamed  Giemsa.    x  2000.    See  p.  26. 

3.  Trypanosoma  congolense.    From  blood  of  mouse.    7th  day  of  disease 

Stamed  Giemsa.    x  2000.    See  p.  26.  . 

Plate  2. 

^^^.l  ^'T^^^*         aggregation  of  Dr.  Edington's  trypanosomes  after  5  days' 


growth.  Stained  Giemsa.  x  2000. 
Figs.  2-4.— Dr.  Edington's  tryp 
iemsa.    x  2000. 

Figs.  5-14  —Cultural  forms  of  Dr.  Edington's  trypanosome  after  7  days' 
growth.    Stamed  Leishman.    x  2000.  ^ 


Figs.  2-4.— Dr.  Edington's  trypanosome  after  6  days'  growth.  Stained 
Iriemsa.    x  2000. 


[Reprinted  from  the  Pboceedings  of  the  Eoyal  Society 
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31.    TEYPANOSOMA  INGENS,  n.  sp. 

By  Colonel  Sir  David  Bruce,  C.B.,  F.R.S.,  Army  Medical 
hervice;  Captains  A.  E.  Hamerton,  D.S.O.,  and  H  R 
Bateman,  Royal  Army  Medical  Corps;  and  Captain  P.  p" 
Mackie,  Indian  Medical  Service. 

(Received  April  30,— Read  May  20,  1909.) 

(Sleeping  Sickness  Commission  of  the  Royal  Society,  1908—09.) 

[Plate  3.] 

•  '^^lll^^^^y  extraordinary  looking  parasite  that  the  Commis- 
sion thinks  It  deserves  a  short  preliminary  note,  a  name,  and  to 
be  figured. 
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The  name  is  taken  from  Virgil's  description  of  the  Cyclops, 
informe,  ingens.  It  was  first  disoovered  in  the  blood  of  a  reed- 
buck  on  February  13,  1909,  at  Namukekera,  Uganda  (lat.  0°  40' 
N.;  long.  32°  15'  E.),  the  estate  of  the  Uganda  Company, 
Limited ;  then  in  a  bush-buck,  and  lastly  in  an  ox.  The  wild 
animals  and  the  cattle  feed  in  the  same  pastures,  so  that  it  is  not 
remarkable  that  the  oxen  should  become  infected. 

At  present  it  is  not  known  what  the  carrier  is,  and  this  will 
probably  be  a  difficult  thing  to  determine.  Collections  of  the 
blood-sucking  flies  and  ticks  are  being  made  on  the  Namukekera 
Estate,  and  this  may  lead  in  time  to  the  discovery  of  the  carrier. 
Up  to  the  present  the  following  list  includes  all  the  blood-suckers 
found  in  this  particular  district :  — 

Civ,  'ysops  distinctipennis,  Austen. 

Stomoxys  calcitrans ,  Linn. 

Stomoxys  nigra,  Macq. 

Tahanus  tmniola,  Pal  de  Beauv. 

Hcematojpota  unicolor,  Ricardo. 

Hoematopota,  sp.  nov. 

Hcemi£btopota  brunnesce7is,  Ricardo. 
Trypanowma  ingens,  when  seen  alive  in  a  fresh  preparatioiU, 
moves  slowly  and  deliberately  across  the  iield  of  the  microscope, 
with  a  fine  rippling,  or  at  times  a  broader  undulating  movement. 

In  stained  preparations  this  huge  trypanosome  may  measure 
as  much  as  122  microns,  and  even  then  it  is  lying  in  such  a  form- 
less huddled-up  way  among  the  red  blood  corpuscles  that  it  looks 
capable  of  stretching  out  to  a  much  greater  length.  The  other 
specimens  figured  measure  72,  77,  88,  and  82  microns.  The 
breadth  is  7  to  10  microns. 

The  micronucleus  is  small  and  round.  It  measures  about  a 
micron  in  diameter.  It  lies  posterior  to,  and  quite  close  to,  the 
nucleus.  From  it,  in  well-stained  specimens,  a  well-marked, 
though  narrow,  undulating  membrane  arises,  which  runs  to  the 
anterior  extremity  and  ends  in  a  free  flagellum. 

The  nucleus  is  oval  in  form,  and  lies  across  the  body.  It  is 
situated  nearer  the  posterior  end  than  the  anterior,  and  in  our 
specimens  has  stained  a  pale  pink. 

The  body  substance  is  markedly  granular  behind  the  nucleus, 
while  in  front  the  structure  described  as  myonemes  is  particularly 
well  marked. 

More  minute  measurements  of  one  of  these  trypanosomes  are 
as  follows :  — 

Posterior  end  to  micronucleus...       ...       ...       ...  18 

From  micronucleus  to  nucleus  ...        ...        ...  4 

Nucleus  :  long  diameter,  8  microns ;  short  diameter  4 
Nucleus  to  anterior  end         ...       ...       ...       ...  40 

Free  flagellum  ...       ...       ...       ...       ...       ...  17 

Total   83 

It  is  unnecessary  in  this  preliminary  note  to  go  more  fully  int(i 
the  structure  of  this  trypanosome,  or  to  describe  it  at  greater 
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length.  An  examination  of  the  coloured  drawings  reproduced  in 
Plate  3  will  give  a  more  distinct  idea  of  its  appearance  than  any 
written  description.  ^ 

The  drawings  were  made  by  Lady  Bruce,  R.E..C.  Figs.  1,  o, 
and  4  are  from  reed-buck,  fig.  2  from  the  ox.  All  are  magnified 
2,000  and  stained  Giema. 


[Reprinted  from  the  Proceedings  of  the  Eoyal  Society, 

B.  Vol.  81.] 

32  FURTHER  RESULTS  OF  THE  EXPERIMENTAL 
TREATMENT  OF  TRYPANOSOMIASIS:  BEING  A 
PROGRESS  REPORT  TO  A  COMMITTEE  OF  THE 
ROYAL  SOCIETY. 

By  H.  G.  Plimmer,  F.L.S.,  and  W.  B.  Fry,  Captain  R.A.M.C. 

(Communicated  by  J.  Rose  Bradford,  M.D.,  Sec.  R.S. 
Received  June  28,  1909.) 

The  following  results  are  a  continuation  of  the  work  of  which 
summaries  have  already  appeared  in  the  "  Proceedings  of  the 
Royal  Society."* 

These  experiments  have  been  carried  out,  with  the  same  strain 
of  Surra  as  was  used  before,  at  the  Brown  Institution  and  the 
Lister  Institute. 

A. — Condition  of  the  Animals  living  at  the  Date  of  the 
Completion  of  the  Tables  in  the  last  Paper. 

Rats  treated  with  Sodium  Antimonyl  Tartrate,  1  per  cent.  (p.  478). 

No.    7  died  428  days  after  inoculation. 
„   32    „  409 
35    ,,  371 

Rats  treated  with  Sodium  Antimonyl  Ta.rtrate,  5  per  cent.,  in 
Colonel  Lambkin's  Medium  (p.  482). 

No.  13  died  216  days  after  inoculation. 

Rats  treated  with  Antimony  (metal),  5  per  cent.,  in  Colonel 
Lambkin's  Medium  (p.  483). 

No.  10  died  205  days  after  inoculation. 
„   17    „  367 
„   25    „  385 
,,  27    ,,  399 
„  29    „  360 


*  B,>1.  79,  1907,  pp.  500-516  ;  and  ]3,  vol.  80,  1908,  pp.  1-12  and  477-487, 
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Rats  treated  loith  Lithium  Antimonyl  Tartrate,  0'25  per  cent. 

(p.  485). 

No.   4  died  145  days  after  inoculation. 

5  „  229 

6  „  257 
8  241 

10    „  209 

Most  of  the  above  rats  died  from  cold ;  none  of  them  died  from 
the  disease,  and  no  trypanosomes  were  fonnd  in  their  blood  or 
organs,  and  inoculations  made  therefrom  were  entirely  negative. 

B. — Further  Experiments. 

Rots  treated  with  Lithium  Antimonyl  Tartrate,  1  per  cent. 

A  further  series  of  experiments  has  been  carried  out  with  this 
substance  on  a  large  number  of  rats,  giving  four  doses  of  4  to  5 
minims  (according  to  weight)  of  a  1  per  cent,  solution  subcutane- 
ously,  a  dose  being  given  every  other  day.  Practically  by  this 
method  every  rat  can  be  cured.  They  have  lived  for  varying 
periods,  up  to  249  days,  and  in  no  case  have  trypanosomes  been 
found  after  death  in  the  blood  or  in  the  organs.  No  rat  has  died 
of  the  disease,  and  in  no  case  thus  treated  has  there  been  a  re- 
currence. The  results  have  therefore  been  more  constant  than 
those  attained  with  sodium  or  potassium  antimonyl  tartrates. 
The  treatment  was  begun  on  the  third  or  fourth  day  after  inocula- 
tion ;  it  will  be  seen  below  that  when  it  is  left  until  the  number 
of  trypanosomes  in  the  peripheral  blood  is  very  great,  although 
they  may  be  driven  out  of  the  bloody  it  does  not  cure  :  so  that  the 
time  at  which  treatment  is  commenced  is  of  considerable 
importance. 

It  has  also  been  given  intravenously  in  rabbits,  but  with  far 
less  effect  than  when  given  subcutaneously.  The  elimination  in 
this  case  is  very  rapid,  to  which  fact  we  attribiite  its  compara- 
tively feeble  action. 


Rats  treated  with  lAthium  Antimonyl  Tartrate  on  the  Fifth  or 
Sixth  Day  of  the  Disease. 

The  blood  at  this  period  of  the  disease  is  swarming  with  try- 
panosomes, and  experiments  were  made  in  order  to  see  what  effect 
this  salt  of  antimony  would  have  upon  the  disease  at  this  period. 
If  one  dose  of  5  minims  of  a  1  per  cent,  solution  be  given  the  rats 
die  on  the  seventh  day,  so  that  little  or  no  effect  is  produced.  If 
two  such  doses  be  given,  one  on  the  fifth  and  one  on  the  sixth 
day,  the  average  time  of  death  in  10  rats  was  19^  days,  and  living 
trypanosomes  were  found  in  the  blood  at  death.  When  four  doses 
were  given,  one  on  each  day  from  the  fifth  to  the  eighth,  the  time 
in  three  rats  was  lengthened  to  81  to  86  days  :  in  one  of  these  even 
living  trypanosomes  were  found  in  the  blood  after  death.  By 
comparing  these  results  with  those  mentioned  in  the  former  section 
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it  will  be  seen  that  the  time  at  which  the  administration  of  the 
drug  is  begun  is  of  importance,  as  well  as  the  number  of  doses. 
The  animals  stand  the  best  chance  of  cure  when  no  recurrences 
take  place,  and  this  is  best  ensured  by  the  method  described  in 
the  previous  section. 

Further  experiments  made  with  Rats  treated  with  Antimony  m 
order  to  find  out  in  what  Organs  the  Trypan osomes  are  latent. 

Following  on  the  experiments  made  on  rats  treated  with  sodium 
antimonyl  tartrate,  with  the  view  of  finding  out  where  the  try- 
panosomes  are  latent,  and  recorded  in  the  last  paper,*  a  further 
series  of  experiments  has  been  made  on  rats  inoculated  with  Surra, 
which  is  more  amenable  to  treatment  with  antimony  than  the 
Nagana  used  in  the  former  series,  and  completely  treated  (that  is, 
given  a  curative  series  of  doses)  with  lithium  antimonyl  tartrate  : 
this,  as  stated  in  the  paper  referred  to,  appears  to  be  the  most 
active  of  this  variety  of  salt. 

Seven  rats  were  treated  with  four  doses  of  5  minims  of  a  1  per 
cent,  solution  of  lithium  antimonyl  tartrate,  and  they  were  killed 
in  succession,  one  on  the  6th,  7th,  10th,  14th,  16th,  22nd,  and  30th 
days  after  the  last  dose.  The  livers  and  bone-marrows  were  made 
into  an  emulsion  with  the  minimiim  quantity  of  0"89  per  cent,  salt 
solution,  and  1  c.c.  of  the  emulsions  of  these  organs  and  1  c.c. 
of  heart's  blood  was  injected  separately  into  other  rats.  The 
results  were  entirely  negative.  Microscopic  preparations  were 
made  of  the  material  injected  and  no  organisms  were  seen,  and 
none  of  the  sub-inoculations  gave  a  positive  result. 

Experiments  made  in  order  to  see  if  any  Protection  %oas  afforded 
hy  Initial  Treatment  with  Antimony. 

A  series  of  six  rats  was  treated  with  four  doses  of  5  minims  of  a 
1  per  cent,  solution  of  lithium  antimonyl  tartrate,  one  dose  every 
other  day  in  the  same  manner  as  when  given  for  curative  pur- 
poses. They  were  then  inoculated  with  Surra,  one  on  the  first 
day  after  the  completion  of  the  treatment,  and  one  on  the  2nd, 
4th,  5th,  9th,  and  10th  days  after.  They  all  died  on  the  5th  or 
6th  days  after  inoculation,  just  as  untreated  rats  would  have  done, 
so  that  antimony  in  this  very  soluble  form  is  no  protective  use  in  x 
rats,  owing  most  probably  to  its  rapid  elimination. 

The  blood  of  an  uninfected  rat  treated  as  above  has  also  been 
used  in  the  in  vitro  experiments  recorded  below. 

Rats  treated  with  Sod^^lm  Antimony  Lactate  and  with  Antimony 

Sodium  Calcium  Lactate. 

Through  the  kindness  of  Messrs.  von  Heyden  we  have  been 
enabled  to  make  some  experiments  with  the  above  compounds. 
The  sodium  antimony  lactate  contains  26  per  cent,  of  antimony. 


»  '  Roy.  Soc.  Proc.,'  B,  vol.  80,  p.  487. 
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and  the  antimony  sodium  calciiim  lactate  17  per  cent  so  tliev 
are  botli  mncli  weaker  in  antimony  than  the  tartrates  which  we 
have  used  By  the  addition  of  a  small  quantity  of  lactic  acid 
we  were  able  to  get  a  1  per  cent,  solution  of  both  salts,  and  in  this 
strength  the  solutions  were  not  very  irritating,  but  neither  with 

or  the  meTal  '^"'^  ^^^'^      ^^^^^'"^^  tartrates 

The  following  table  shows  the  results  obtained  with  sodium 
antimony  lactate  1  per  cent. 

Average  duration  of  untreated  disease  6-9  days:  — 


Rats  of  150  to 
200  Grammes 
Weight. 

Number  of 
Doses,  and 
Quantity. 

Recur- 
rences. 

Lived. 

Remarks. 

1 
2 

S 
4 
h 
6 
7 

2  of  4  minims 
4  of  4  „ 

4  of  4  „ 

5  of  4  „ 

6  of  4  „ 

4  of  5  „ 

5  of  5  „ 

0 
0 
1 
1 
2 
0 
1 

9  days 

f  " 
37  „ 

46  „ 

100  „ 

74  „ 

48  „ 

Died  from  enteritis. 
Died  from  retained  foetus. 

)  (No  trypanosomes  found 
>    in  any  of  these  rats  after 
J  death.) 

The  following  table  shows  the  results  obtained  with  antimony 
sodium  calcium  lactate  1  per  cent. 

Average  duration  of  untreated  disease  6-9  days  :  — 


Rats  of  150  to 
200  Grammes 
Weight. 

Number  of 
Doses,  and 
Quantity. 

Recur- 
rences. 

Lived. 

1 

3  of  4  minims 

1 

83  days 

2 

4  of  4  „ 

0 

25  „ 

3 

5  of  4  „ 

2 

68  „ 

4 
.5 
6 
7 

8 

6  of  4  „ 

5  of  5  „ 

6  of  5  „ 
8  of  5  „ 
4  of  7  „ 

2 
2 
2 
2 
0 

45  „ 
64  „ 
68  „ 
57  „ 
131  „ 

Remarks. 


No  trypanosomes  found  post- 
mortem. 

Living  trypanosomes  found 
post-mortem. 

No  trypanosomes  f  ound^os<- 
moriem. 


•  On  dogs  the  efPect  was  very  much  less  marked  than  on  rats,  and 
an  ettective  dose  became  inconveniently  large. 

The  following  experiments  show  the  relativelv  greater  time 
taken  tor  these  salts  to  act,  as  compared  with  "the  sodium  or 
H  ^^*™o^yl  tartrates,  which  drive  all  the  trypanosomee 
trom  the  peripheral  blood  in  about  an  hour  after  the  dose. 

A  Surra  rat  was  taken  on  the  fourth  day,  when  the  trypano- 
so  nes  are  numerous  in  the  blood,  and  5  minims  of  a  1  per  cent, 
solution  of  sodium  antimony  lactate  were  injected. 
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Blood  was  taken 
^  liour  after  injection.., 


1^  lionrs 


and  stowed  tlie  following  : 
Trypanosomes  alfected  by  tlie  drug : 
are  extremely  active,  and  show  a 
tendency  to  swell. 
Yery  few  normal  trypanosomes  to  be 
seen :   nearly  all  are  swollen  and 
spherical    in    shape    (  =  "  battle- 
dores ").    Still  large  numbers. 
Much   smaller  number   of  trypano- 
somes to  be  seen :  a  few  ' '  battle- 
dores "  :  a  few  motionless  ones,  and 
one  or  two  normal  forms. 
"  Battledores  "  have  all  disappeared  : 
one  or  two  slowly  moving  normal 
forms  seen. 
Ditto. 

No  trypanosomes  found. 

A  similar  experiment  made  with  a  rat  treated  with  antimony 
sodium  calciiim  lactate  yielded  practically  the  same  result. 
Further  experiments  made  with  these  drugs  in  vitro  will  be  men- 
tioned later. 
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Experiments  made  with  Antimony  {Metal  in  state  of  finest 
Division)  suspended  in  various  Oily  Media. 

Since  the  curative  results  following  treatment  with  the  metal 
antimony*  suspended  in  Colonel  Lambkin's  medium  seemed 
promising,  many  trials  have  been  made  with  the  metal  suspended 
in  other  oily  media,  such  as  olive  oil,  cod  liver  oil,  lanolin,  egg- 
yolk,  &c.,  in  order,  if  possible,  to  obviate,  or  at  any  rate  reduce, 
the  extremely  irritating  properties  of  the  metal,  which  seriously 
interfere  with  its  practical  use. 

In  olive  oil  a  5  per  cent,  suspension  was  used  :  with  one  dose 
of  3  minims  Surra  rats  lived  for  15  days,  and  died  with  living 
trypanosomes  in  their  blood.  Seventeen  Surra  rats  were  given 
one  dose  of  5  minims  on  the  f  ourth  day  of  the  disease,  and  they 
lived  from  41  to  133  days  :  in  these  there  were  no  recurrences,  nor 
were  trypanosomes  found  after  death,  and  sub-inoculations  were 
in  every  case  negative.  Six  Surra  rats  were  treated  with  the 
same  dose  in  order  to  observe  the  time  taken  for  the  complete 
disappearance  of  the  trypanosomes  from  the  blood. 

Blood  was  taken  and  showed  the  following  : 

^  hour  after  injection...    Trypanosomes  very  active. 

1  ...    As    numerous:    show    evidences  of 

swelling. 

labours  ,,  ...    Still  numerous:   nearly  all 'swollen : 

some  "  battledores." 

2  ,,  „  ...    Very  few  forms  found:  all  "battle- 

dores." 

2^  ...    No  trypanosomes  seen. 
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Two  Surra  rats  were  taken  on  tlie  fiftli  day,  when  the  blood  was 
swarming  with  trypanosomes,  and  6  minims  were  given.  Two 
and  a-half  hours  after  the  rats  were  killed,  and  smears  were  made 
■from  the  lungs,  liver,  spleen,  kidney,  bone-marrow,  heart's 
blood,  and  brain.  In  none  of  the  specimens  could  a  trypanosome 
be  found  after  prolonged  examination. 

This  oil  was  also  given  to  several  rats  upon  recurrences  after 
treatment  with  small  doses  of  the  lactates  mentioned  above :  in 
these  cases  the  effect  was  much  less  marked,  even  although  the 
number  of  trypanosomes  in  the  blood  was  much  less  than  in  the 
rats  treated  for  the  first  time.  This  accords  with  our  general 
experience  that  recurrences  are  much  more  difficult  to  deal  with 
than  the  initial  infection,  and  this  applies  to  all  the  drugs  we  have 
tried. 

A  suspension  in  cod  liver  oil  took  four  hours  to  drive  the  try- 
panosomes out  of  the  peripheral  blood. 

The  suspension  in  egg-yolk  appeared  to  act  in  rats  better  than 
any  other;  in  dogs,  however,  the  results  were  variable;  sometimes 
strikingly  good,  at  others  no  better  than  the  other  mixtures: 
sometimes  causing  great  irritation  and  sloughing,  sometimes  not 
causing  any  irritation  at  all.  We  have  rats  alive  for  more  than 
120  days  after  inoculation,  with  no  recurrences,  after  one  dose. 

An  experiment  was  made  to  see  how  long  one  dose  took  to  dri^^e 
the  trypanosomes  out  of  the  blood.  A  Surra  rat  on  the  fourth 
day  was  treated  with  5  minims  of  a  5  per  cent,  suspension. 

Blood  was  taken  and  showed  the  following  : 

f  hour  after  injection...    Trypanosomes  much  affected,  but  not 

decreased.  Many  "  battledore  " 
forms. 

labours  ,,  ...    Trypanosomes  reduced  in  numbers: 

all  swollen  and  "  battledore  " 
forms  :  very  little  movement. 

2J      ,,  ,,  ...    No  trypanosomes  found. 


Experiments  xvith  Quassia. 

Dr.  Guillemard,  of  Cambridge,  suggested  that  quassia,  on 
account  of  its  known  poisonous  effects  on  some  of  the  lower  forms 
of  life,  should  be  tested  for  its  trypanocidal  qualities.  A  series 
of  experiments  was  therefore  undertak-en  on  rats. 

Six  Surra  rats  were  treated  on  the  -third  and  following 
days  of  the  disease  with  a  5  per  cent,  solution  of  the  pharma- 
copceal  extract  of  quassia  :  they  were  given  three  doses  subcutane- 
ously— 5  minims  on  the  third  day,  .10  minims  on  the  fourth,  and 
10  minims  on  the  fifth  day.  The  trypanosomes  were  entirely 
unaffected,  and  the  animals  died  on  the  sixth — seventh  day. 
Another  series  of  12  Surra  rats  was  treated  with  a  two  hours' 
decoction  of  quassia-wood  made  with  the  minimum  amount  of 
water.  Of  this  three  doses  were  given — 5  minims  on  the  third 
day  and  10  minims  on  the  fourtli  and  fifth  days.  The  trypano- 
somes in  these  rats  were  also  entirely  unaffected,  and  the  animals 
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died  on  tlie  si:xtli — seveiitli  day.  It  w.-xs  also  tried  intravenouslj^ 
in  rabbits  in  doses  of  30  minims  of  tlie  decoction  :  no  effect  was 
produced,  and  the  rabbits  died  on  or  about  tlie  42nd  day. 

Experiments  made  in  vitro  correspond  with  these  results,  and 
will  be  described  later, 

Eaiperiments  ivith  Arsenoplienylglycin. 

Professor  Elirlicli  kindly  sent  some  of  tliis  substance  to  Dr. 
Bagsliawe,  the  Director  of  the  Sleeping  Sickness  Bureau,  witli 
wliicli  we  liave  made  some  initial  experiments  upon  rats.  Elirlicli 
found  that  Nagana  mice  could  be  cured,  in  practically  every  case, 
with  this  substance.  But  the  effects  on  larger  animals,  so  far  as 
we  have  gone,  are  not  quite  so  satisfactory,  and  it  compares  in  this 
undesirable  manner  very  well  with  the  antimony  tartrates,  with 
which  we  can  cure  practically  every  case  of  Surra  in  rats,  but 
which  do  not  have  anything  like  the  corresponding  effects  on 
rabbits,  guinea-pigs,  and  dogs.  It  is  not  only  in  the  question  of 
practical  dosage  that  difficulties  arise :  each  kind  of  animal  has  a 
personal  equation,  and  their  reaction  to  a  given  drug  is  not 
similar.  This,  and  the  relatively  larger  dosage  in  bigger  animals, 
present  considerable  practical  difficulties  in  the  treatment  of 
trypanosomiasis. 

Our  experiments  have  given  the  following  results.  Out  of  eight 
Surra  rats  of  180  to  200  grammes  weight  which  were  given  one 
dose  of  25  minims  of  a  1  in  80  solution  of  arsenophenylg'lycin, 
four  died  on  the  19tli  day  with  living  trypanosomes  in  their  blood, 
the  recurrences  having  taken  place  on  the  16th — 17th  day.  Two 
were  given  three  and  five  doses  respectively  of  5  minims  of  a 
1  per  cent,  solution  of  lithium  antiinonyl  tartrate  on  the  17th  and 
following  days,  and  they  lived  59  and  51  days.  Of  the  two  which 
are  still  living  (95  days),  one  has  had  five  doses  of  5  minims  of  a 
1  per  cent,  solution  of  lithium  antimonyl  tartrate,  beginning  on 
the  17th  day,  and  the  other  had  one  similar  dose  given  on  the  day 
before  the  recurrences  occurred  in  the  other  rats. 

The  following  experiment  shows  the  effect  of  this  substance 
upon  the  trypanosomes  in  the  blood,  and  how  much  longer  it 
takes  than  the  antimony  salts  to  produce  its  effects. 

A  Surra  rat  on  the  fourth  day  of  the  disease  was  treated  with 
1  c.c.  of  a  2  per  cent,  .solution  of  arsenophenylglycin  (practically 
the  same  dose  as  given  to  the  other  rats) . 


Blood  was 

taken 

and  showed  the  following : 

^  hour  after 

injection... 

Tryi>anosome.s  showed  slight  increase 

of  motility. 

1  „ 

)  >           . . . 

Ditto. 

2  hours 

, ,           . . . 

Ditto,  but  more  marked. 

3  „ 

Tryi>anosomes   not   quite   so  active 

and  fewer  in  number. 

4  „ 

Trypanosomes    now    very    few  in 

number. 

4i  „ 

Only  one  or  two  trypanosomes  to  be 

fieen  in  a  preparation. 

5  „ 

>> 

No  trypanosomes  seen. 
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In  tliese  specimens  no  swollen,  breaking  up,  or  "  battledore  " 
forms  were  seen  :  tbe  trypanosomes  simply  disappeared. 

On  the  Effects  of  the  Drugs  used  upon  the  Trypanosomes  in  the 

Living  Body. 

In  studying  tbe  therapeutic  effect  of  tlie  various  drugs  tried, 
including  metallic  antimony  in  a  state  of  finest  division,  repeated 
observations  of  tbe  peripheral  blood  were  made  in  order  to 
observe  tbe  effect  of  tbe  drug  upon  tbe  trypanosomes,  and  to 
ascertain  when  the  trypanosomes  entirely  disappeared  from  the 
blood.  The  first  stage  noticed  of  the  effect  of  the  drug  was  a 
great  increase  in  the  motility  of  the  trypanosomes,  followed  by 
a  gradual  slowing  down  to  movements  slower  than  normal.  At 
this  stage  there  is  a  tendency  for  the  whole  trypanosome  to  swell, 
and  to  become  bloated  in  appearance.  The  swelling  of  the  try- 
panosome continues  until  it  becomes  almost  spherical  in  form, 
or  oftener  "battledore"  shaped;  the  protoplasm  becomes  in- 
distinct, and  the  flagellum  appears  to  be  attached  to  only  one 
side  of  the  periphery ;  the  macro-nucleus  is  fairly  distinct,  but 
it  eventually  breaks  up,  and  then  the  swollen  mass  disintegrates. 
The  spleen  at  this  time  is  full  of  these  broken  up  masses  of 
trypanosomes,  and  as  the  nuclei  will  still  stain,  a  plasmodial 
appearance  is  seen  in  films  of  bits  of  nuclei  dotted  about  in  a 
granular  ground.  These  stages  can  be  observed  after  treatment 
with  all  the  salts  of  antimony  used,  and  are  well  marked  after 
the  administration  of  the  metal,  in  which  case,  however,  the 
stages  are  slower.  The  soluble  salts,  lithium  and  sodium  anti- 
monyl  tartrates,  effect  the  total  disappearance  of  the  trypano- 
somes in  about  one  hour.  Metallic  antimony,  when  given  in  the 
various  media  tried  (Lambkin's  medium,  olive  oil,  cod  liver  oil, 
heavy  paraffin  oil,  egg-yolk),  brings  about  this  disappearance 
in  from  two-and-a-half  to  four  hom's,  according  to  the  medium 
used;  the  first  noticeable  effects  being  produced  in  about  half 
an  hour.  In  the  case  of  egg-yolk  and  olive  oil  the  blood  is  free 
from  trypanosomes  in  two-and-a-half  hours.  This  would  seem 
to  show  that  some  portion  of  the  metal  introduced  must  be 
changed  into  some  soluble  form  very  rapidly;  but,  apparently, 
after  the  reaction  of  the  tissues  occurs  the  antimony  becomes 
more  or  less  shut  off,  and  absorption  must  take  place  very  slowly, 
as  traces  of  the  metal,  apparently  unaltered,  have  been  found 
as  late  as  six  to  seven  weeks  after  the  injection. 

Sodium  antimony  lactate  and  antimony  sodium  calcium  lactate 
were  found  to  act  rather  more  slowly  than  the  above  (see  Table 
above),  the  time  at  which  the  trypanosomes  had  completely  dis- 
appeared varying  from  three  to  four  hours. 

It  was  noticed  in  these  experiments  that  trypanosomes,  though 
obviously  drug-affected  when  the  blood  was  taken,  remained  alive 
on  the  slide  outside  the  body  for  a  long  time  after  all  forms  had 
disappeared  from  tlie  circulatiug  blood. 
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Further  details  of  the  time  taken  for  the  various  drugs  to  act 
will  be  found  in  the  sections  upon  sodium  antimony  lactate, 
antimony  oil,  antimony  egg-yolk,  and  arsenophenylglycin. 

On  the  Action  of  Trypanocidal  Substances  in  vitro. 

Experiments  have  been  carried  out  with  a  view  of  throwing 
light  on  the  more  exact  nature  of  the  changes  which  are  pro- 
duced in  trypanosomes  when  they  are  brought  into  contact  with 
trypanocidal  substances.  The  general  principles  we  have 
observed  in  these  experiments  have  been: — 1.  To  dissolve  the 
drug  in  some  fluid  so  that  when  it  is  added  to  the  infected  blood 
it  will  not  cause  osmosis  to  occur  in  the  cellular  elements  of,  or 
trypanosomes  contained  in  the  blood.  (The  various  substances 
were  dissolved  in  a  0"89  per  cent,  salt  solution,  isotonic  with 
rat's  blood  which  was  used  in  these  experiments.)  2.  To  use 
always  equal  volumes  of  the  solution  and  of  the  affected  blood. 
3.  To  use  blood  at  the  time  when  the  trypanosomes  are  just  be- 
coming very  numerous,  so  as  to  avoid  the  presence  of  old,  feebly 
moving  forms,  which  are  always  present  in  the  later  stages  of 
an  acute  infection.  The  method  of  observation  has  been  to  watch 
the  behaviour  of  the  trypanosomes  when  in  contact  with  the 
various  solutions  of  the  drug  under  the  microscope.  A  measured 
drop  of  blood  and  of  the  solution  are  mixed  on  a  slide  with  care ; 
the  mixed  drop  is  then  covered  with  a  sufficiently  large  cover 
glass,  and  this  is  sealed  with  vaseline. 

It  has  been  found  possible  in  this  manner  to  .exactly  determine 
the  dilutions  at  which  the  various  drugs  used  cease  to  have  an 
instantaneously  trypanocidal  action;  further,  in  higher  dilu- 
tions, by  carefully  watching  the  changes  taking'  place  in  the 
trypanosomes,  it  is  possible  to  determine  the  dilution  at  which 
no  effect  is  produced,  and  between  these  two  points  the  periods 
of  time  necessary  to  ensure  immobility  and  death  of  the  trypano- 
somes can  be  ascertained.  By  a  comparison  of  the  results 
obtained  a  very  good  estimate  of  the  probable  action  of  any 
drug- when  given  to  an  affected  animal  can  be  arrived  at. 

For  instance,  sodium  and  lithium  antimonyl  tartrates  were 
found  to  act,  in  the  same  dilutions,  in  a  manner  fairly  comparable 
to  their  antimony  content,  and  to  their  action  on  the  trypano- 
somes in  an  affected  animal.  Again,  witli  atoxyl  a  much  higher 
concentration  of  the  drug  was  necessary — it  had  to  be  about  ten 
times  stronger — in  order  to  obtain  the  same  destruction  pictures, 
results  corresponding  with  the  rapidity  of  the  disappearance  of 
trypanosomes  from  the  peripheral  blood  of  affected  animals  when 
treated  with  the  above  drugs. 

In  the  case  of  the  two  new  lactates  mentioned  above,  their 
therapeutical  value  was  accurately  foretold  by  a  preliminary 
study  of  their  action  in  vitro  in  the  manner  described.  In  all 
these  experiments  controls  have  been  carried  out;  it  has  been 
found  that  trypanosomes  will  live  and  retain  their  activity  for 
hours  when  infected  blood  and  the  diluting  fluid  alone  are  mixed 
together. 
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Tlie  various  clianges  taking  place  in  trypanosomes  on  coming 
into  contact  witli  a  dilute  trypanocidal  drug,  commencing  witli 
their  preliminary  extraordinary  increase  of  activity,  and  their 
subsequent  swelling  up,  immobility  and  disintegration,  can  be 
watched  in  all  their  different  stages  in  this  manner.  These 
effects  resemble  very  closely  the  changes  which  take  place  in  the 
trypanosomes  m  the  peripheral  circulation  of  an  animal  treated 
with  antimony. 

The  following  tables  show  the  effects  produced  by  the  different 
substances  in  their  various  dilutions. 

Dilutions  of  sodium  antimonyl  tartrate  in  O'SO  per  cent,  salt 
solution  mixed  with  Surra  rat's  blood,  in  equal  parts.  The  con- 
trol in  all  cases  is  equal  part^  of  blood  and  O'SO  per  cent,  salt 
solution. 


Dilutions. 

Time. 

Control. 

1—500. 

1—1,000. 

1—5,000. 

1—10,000. 

Motionless 
)> 

)) 
1) 

Motionless 
)i 

n 
() 

Few  active 

forms. 
Motionless 

1) 
)) 

Trypanosomes  ac- 
tive. 

Few  active  forms ; 

rest  sluggish. 
All  sluggish 
Motionless 

1  min. 

10  mins. 

30  „ 
1  hour. 

Very  active. 

)) 
)) 

Dilutions  of  lithium  antimonyl  tartrate  in  0'89  per  cent,  salt 
solution  mixed  with  Surra  rat's  blood,  in  equal  parts. 


Dilutions. 

Con- 
trol. 

Time. 

1—500. 

1—1,000. 

1—5,000. 

1—10,000. 

1—20,000. 

Motion- 

Motion- 

Some active 

Active  trypano- 

Very active 

1  min. 

Very 

less. 

less. 

trypano- 

somes. 

trypano- 

active. 

somes. 

somes. 

11 

1) 

Motionless 

Some  active  try- 
panosomes. 

Many  active 
trypano- 
somes. 

10  mins. 

)) 

)> 

)) 

Practically  no 
motile  trypano- 
somes seen, 
only  1  or  2  in 

Few  active 
trypano- 
somes seen. 
Tendency 

30  „ 

)) 

a  slide.  Ten- 

to clump. 

dency  to  clump. 

1) 

)) 

)) 

Motionless 

1  or  2  active 
forms  seen. 
Rest  mo- 
tionless. 

1  hour 

)) 

In  a  dilution  experiment  with  lithium  antimonyl  tartrate 
made  with  the  blood  of  a  Surra  rat  after  a  second  recurrence, 
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after  treatment  with  antimony  (metal)  and  on  first  recurrence 
with  lithium  antimonyl  tartrate,  the  trypanosomes  in  vitro 
appeared  to  have  a  greater  resistance  to  the  dilute  drug  than  the 
stock  strain.  .  . 

A  comparison  of  the  following  table  with  the  previous  one  will 
demonstrate  this :  — 


Dilutions. 

Time. 

1—1,000. 

1—500. 

A  few  active  forms  present... 

Motionless  ...   

„ 

A  number  of  active  forms  present ... 

A  few  active  forms  seen   

Motionless   

1  min. 
10  mins. 
30  „ 

This  bears  out  our  experience  that  the  recurrences  become  less 
and  less  amenable  to  antimony  as  they  increase  in  number. 

The  following  table  shows  the  action  of  atoxyl  and  lithium 
antimonyl  tartrate  compared  in  the  above  manner :  — 


Dilutions  of  Atoxyl. 

Time. 

Dilutions  of  Lithium  Antimonyl  Tartrate. 

1—500. 

1—1,000. 

1—5,000. 

1—500. 

1—5,000. 

1—10,000. 

Trypanosomes, 
all  active. 

Active,  but 
affected. 

Less  active  ... 

Practically  mo- 
tionless. 

Active 
» 

Sluggish,  but 
still  many 
active. 

Nearly  all  mo- 
tionless ;  1 
or  2  active 
forms  seen. 

Active 

!) 

!> 

Many 
moving 
still. 

1  min. 
5  mins. 

15  „ 

2  hrs. 

Trypano- 
somes, all 
motionless. 

Motionless  ; 
commencing 
disint  e  g  r  a- 
tion. 

Only  debris 
seen. 

All  m  a  r  - 
kedly  af- 
fected. 

Motionless 

Disintegra- 
ted. 

All  fairly 
active. 

Less  active. 

Some  still 
moving  ; 
ten  d  e  n  0  y 
to  clump. 

Motionless ; 
some  dis- 
int egra- 
tion. 

Concentrated  decoction,  of  quassia  in  0-89  per  cent,  salt  solu- 
tion mixed  with  Surra  rat's  blood  in  equal  parts. 


Dilutions. 

Time. 

Control. 

1—500. 

1—1,000. 

1—5,000. 

1—10,000. 

Very  active... 
„ 
„ 

Less  active... 

Very  active 
)) 
)) 
)) 

Less  active 

Very  active 
)) 
)) 
)) 

Less  active 

Very  active 
)) 

)) 

Less  active 

1  min. 
10  mins. 
30  „ 

1  hour 

2  hours 

Very  active. 
)) 
)) 
)) 

Less  active. 

The  conditions  of  the  dilutions  and  the  control  were  precisely 
similar  at  the  end  of  two  hours.  There  was  no  swelling  nor 
clumping. 
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DilTitioiis  of  arsenophenylglycin  in  0-89  per  c^nt.  salt  solution 
mixed  witJi  burra  rat  s  blood  m  equal  parts. 


Dilutions. 

Time. 

Control. 

1—100. 

1—500. 

1—1,000. 

1—5,000. 

1—10,000. 

Very  active 

Irritated :  move- 
ments rapid 
and  convul- 
sive. 

Nearly  motion- 
less. 

Motionless 

Very  ac- 
tive. 

Activity 
increa- 
sed. 

Sluggish 
)) 

Very  ac- 
tive. 
1) 

)! 
)) 

Very  ac- 
tive. 
)) 

n 
)) 

Very  ac- 
tive. 
1) 

)) 
)) 

1  miu. 
lOmins. 

30  „ 
1  hour 

Very  ac- 
tive. 
)i 

I) 
It 

Exveriments  in  vitro  performed  with  the  Blood  of  a  Normal  Rat 
which  had  been  treated  xvith  Antimony. 

Experiments  were  made  in  order  to  ascertain  whetlier  tlie  blood 
ot  a  rat  wliicli  bad  been  treated  witb  antimony  would  sbow  any 
active  trypanocidal  powers  in  vitro.  Altliougb  in  tbe  case  of  an 
miected  animal  all  tbe  trypanosomes  in  tbe  peripberal  blood 
would  bave  been  destroyed  in  about  an  bour,  no  noticeable 
trypanocidal  effects  were  sbown  by  tbe  blood  of  a  treated  rat  in 
tlie  tollowmg  experiments. 

A  normal  rat  bad  5  minims  of  a  1  per  cent,  solution  of  litbium 
antimonyl  tartrate  injected  subcutaneously ;  its  blood  was  taken 
at  io,  dU,  bU,  and  70  mmutes  after  tbe  injection,  and  was  mixed 
witb  an  equal  quantity  of  blood  from  a  Surra  rat  containing 
many  trypanosomes ;  tbe  mixed  bloods,  taken  at  tbe  times  men- 
tioned were  examined  under  tbe  microscope  at  various  intervals 
±rom  5  to  30  minutes  after  tbe  mixing,  and  tbe  taypanosomes 
were  found  to  be  entirely  unaffected,  so  tbat  tbe  blood  of  the 
treated  normal  rat  did  not  have  any  trypanocidal  effect  added  to 
It  by  the  dose  of  lithium  antimonyl  tartrate.  The  Surra  rat, 
whose  blood  was  used  for  this  experiment,  was  then  given 
o  minims  of  a  1  per  cent,  solution  of  lithium  autimonvl 
tartrate :  — 


Blood  was  taken 
10  minutes  after  infection 


and  showed  the  following  : 

Trypanosomes    affected :  move- 
ment very  rapid. 
Many  "  battledores." 
Trypanosomes  greatly  decreased 

in  number  all  "battledores." 
Blood  quite  free  from  trypano- 
somes. 

A  normal  rat  was  given  four  doses  subcutaneously,  one  every 
otber  day,  of  5  minims  of  a  1  per  cent,  solution  of  lithium  anti- 


20 
40 

60 
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toonyl  tartrate;  24  lioui's  after  the  last  dose  a  drop  of  its  blood 
was  mixed  with  a  drop  of  blood  from  a  Surra  rat  in  which 
trypanosomes  were  plentiful.  The  mixture  was  watched  under 
the  microscope  for  half  an  houi',  but  no  effect  was  produced ;  the 
blood  of  the  treated  animal  behaving  just  as  the  blood  of  the 
control,  an  untreated  rat. 

A  normal  rate  was  given  subcutaneously  10  minims  (a  lethal 
dose)  of  a  1  per  cent,  solution  of  lithium  antimonyl  tartrate,  and 
its  blood  was  mixed  at  half  an  hour,  one  hour,  and  one-and-a- 
half  hours  after  the  injection  with  an  equal  part  of  an  emulsion 
of  trypanosomes  prepared  from  the  lungs,  liver,  and  heart's 
blood  of  a  vSurra  rat  just  dead.  Each  of  the  mixtures  was 
examined  up  to  30  minutes,  but  no  effect  whatever  was  produced 
on  the  trypanosomes.  These  experiments  may  be  compared  with 
those  recorded  on  p. 

Exjjeriments  with  Antiinony  u'pon  Dogs. 

Since  the  date  of  the  last  paper  a  large  number  of  experiments 
have  been  made  with  antimony  in  various  forms  upon  dogs 
suffering  from  Surra.  Of  the  five  dogs  mentioned  there,  one 
remains  alive  and  well  at  the  present  date,  more  than  a  year 
after  inoculation. 

Our  experiences  with  dogs  show  that  they  are  extremely  sus- 
ceptible both  to  the  disease  and  also  to  antimony:  they  are 
therefore  not  quite  suitable  animals  for  these  experiments, 
although  they  have  all  lived  many  times  the  length  of  the 
untreated  disease,  that  is  14  days.  Five  of  the  dogs  were  treated 
with  small  doses  of  sodium  antimonyl  tartrate  in  their  drinking 
water,  but  the  disease  is  so  acute  in  dogs  that  this  method  of 
giving  the  drug,  although  it  appeared  to  have  some  effect  in 
postponing  the  reappearance  of  the  trypanosomes  in  the  blood, 
did  not  produce  results  sufficiently  encouraging  to  warrant 
further  experiments. 

With  regard  to  the  experiments  made  with  metallic  antimony 
suspended  in  egg-yolk,  the  initial  experiment  was  so  encouraging 
as  to  make  a  further  trial  necessary.  In  this  case  the  dog  at 
the  first  relapse  was  given  20  minims  of  a  2\  per  cent,  suspension  : 
there  was  no  local  reaction,  which  in  dogs  is  of  frequent  occur- 
rence after  the  administration  of  antimony  in  any  form,  and  the 
trypanosomes,  which  were  very  numerous,  were  entirely  absent 
from  the  blood  in  24  hours ;  the  dog  remained  quite  free  from 
them  for  48  days,  and  gained  3  lbs.  in  weight,  and  appeared 
perfectly  well.  The  recurrence  was  very  sudden,  as  the  dog  was 
perfectly  well  up  to  the  moment  when  he  was  seized  with  a  series 
of  fits  which  ushered  in  the  recurrence,  from  which  he  did  not 
recover.  A  rat  treated  at  the  same  time  as  this  dog  with 
5  minims  of  the  same  suspension  is  alive  and  well  more  than 
100  days  after  this  one  dose. 

Many  of  the  dogs  mentioned  in  the  table  below  have  died  with 
fits  and  paralyses  and  other  nervous  symptoms,  but  we  are  not 
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certain  wliether  these  are  due  to  the  disease  or  to  ihe  antimony. 
In  certain  of  tlie  dogs  the  treatment  has  appeared  to  alter  the 
acute  disease  into  a  chronic  one,  and  in  one  of  these  more  chronic 
cases  there  was  a  considerable  excess  of  cerebro-spinal  fluid  and 
a  cellular  exudation  around  the  vessels  in  the  brain,  very  similar 
in  incidence  and  extent  to  that  described  and  figured  by  one  of 
us  in  rats  dead  from  infection  with  Trypanosoma  gamhiense* 

There  is  a  curious  uncertainty  in  the  local  effects  produced  in 
dogs  by  antimony,  whether  injected  subcutaneously  or  intra- 
muscularly,_  and  they  vary  from  time  to  time  in  the  same  dog ; 
sometimes  little  or  no  effect  is  produced,  and  sometimes  the  sup- 
puration and  necrosis  produced  are  sufficient  to  kill  the  animal. 

We  have  recently  given  24  injections  of  lithium  antimonyl 
tartrate  subcutaneously  to  three  dogs  in  the  greatest  possible 
dilution  ;  of  these  three  places  have  suppurated  slightly,  although 
the  conditions  under  which  they  were  given  were  similar  to  those 
under  which  the  21  other  doses  were  given.  (These  dogs  are  now 
living  and  well  53  days  after  inoculation,  and  they  'have  had  no 
recurrences.) 

The  following  table  gives  a  synopsis  of  the  treatment,  &c.,  of 
Surra  dogs :  — 


*  '  Roy.  Soc.  Proc.,'  B,  vol.  79,  p.  95. 
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[Reprinted  from  the  Proceedings  op  the  Royal  Society 

B.  Vol.  81.] 

33.    THE    DEVELOPMENT    OF    TRYPANOSOMA  GAM- 
BIENSE  IN  GLOSSINA  PALPALIS. 

By  Colonel  Sir  David  Bruce,  C.B.,  E.R.S.,  Army  Medical 
Service;  Captains  A.  E.  Hamerton,  D.S.O.,  and  H.  R. 
Bateman,  Royal  Army  Medical  Corps;  and  Captain  E.  P.' 
Mackie,  Indian  Medical  Service.  (Sleeping  Sicknesg  Com- 
mission of  the  Royal  Society,  1908.) 

(Received  July  5,  1909.) 

[Plates  4  and  5.] 

The  following  experiment  is  so  complete  in  itself  that  no 
apology  is  offered  for  publisliiug  it  by  itself.  In  1903  the  Sleep- 
ing Sickness  Commission  of  the  Royal  Society  came  to  the  con- 
clusion that  the  caTrrying  of  infection  from  a  sleeping  sickness 
patient  to  a  healthy  person  by  the  Glossina  palpalis  was  a 
mechanical  act,  and  required  no  previous  development  of  the 
parasite  within  the  fly.  The  Commission  also  held  that  the 
power  of  transferring  the  disease  was  lost  to  the  fly  48  hours 
after  it  had  fed  on  an  infected  person. 

Koch  and  Stuhlmann,  in  German  East  Africa,  described 
developing  forms  in  Glossiiia,  but  did  not  succeed  in  infecting 
healthy  animals  by  the  injection  of  these  forms. 

Kleine,  in  German  East  Africa,  at  the  end  of  1908,  succeeded 
first  in  showing  that  Glossina  palpalis  could  convey  Trypanosoma 
hrucei  some  50  days  after  the  fly  had  fed  on  an  infected  animal. 

It  seems,  at  first,  strange  that  this  fact  should  have  escaped 
notice  for  15  years,  and  can  only  be  accounted  for  by  assuming 
that  it  is  an  event  of  the  rarest  for  a  fly  to  be  found  which  fulfils 
the  unknown  conditions  necessary  for  the  development  of  the 
trypanosomes  in  its  interior.  If  we  assume  that  it  is  only  one 
fly  in  a  hundred  or  in  a  thousand  in  which  this  development  takes 
place,  then  the  difficulty  of  observing  the  phenomenon  can  be 
understood. 

Take  the  following  experiments,  for  example  :  — 

Table  I.— El  ies  caught  m  an  Infected  Area,  kept  for  some  days, 
and  then  fed  on  Healthy  Animals. 


Trypanosoma  hrucei — Glossina  morsitans. 


Expt. 

Place. 

Observer. 

No.  of 
Flios  fed. 

No.  of 
times 
Flies  fed. 

No.  of  Days  before 
Infection  or  under 
observation. 

Result. 

210 

Zululand  ... 

Bruce ... 

5 

32 

64 

Negative. 

242 

))  ••• 

„ 

30 

11 

56 

1) 

2.'i2A 

I)  • 

,,  ... 

50 

15 

34 

)> 
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These  experiments  seemed  to  sliow  tliat  i£  flies  caught  in  a 
highly  infected  district,  into  which  a  horse  could  not  be  taken 
even  for  a  few  hours  without  contracting  nagana,  are  kept  with- 
out food  for  a  few  days — say  three  to  five — they  are  then  incap- 
able of  conveying  infection.  This  appeared  to  be  a  strong  proof 
that  the  duration  of  infectivify  in  the  fly  was  a  short  one,  since, 
if  this  were  not  the  case,  1  of  the  85  flies  ought  to  have  been  in  a 
condition  capable  of  infecting,  having,  of  course,  been  infected 
a.t  some  previous  date  in  the  "  fly  country."  It  may  be  repeated, 
til  at  these  flies  were  caught  in  a  most  highly  infected  district, 
so  that  if  Glossina  morsitans  can  remain  infective  for  50  or  60 
days,  1  at  least  of  the  85  ought  to  have  been  in  the  condition 
which  made  it  capable  of  conveying  the  disease. 

This  development  of  the  trypanosomes  in  the  fly  is  strikingly 
like  what  occurs  in  the  test-tube  with  Novy's  medium.  A 
thousand  tubes  are  inoculated  with  TryiJanosoma  brucei :  the 
trypanosomes  all  appear  to  die  off,  but  20  days  afterwards  a 
peculiarly  resistant  individual  is  found  in  one  tube  of  the 
thousand,  who  has  adapted  himself  to  the  new  environment,  and 
soon  multiplies  into  myriads.  What  it  is  which  enables  this 
-particular  individual  to  adapt  itself  to  such  altered  conditions 
is  unknown.  It  is  the  merest  speculation  to  call  it  a  sexual  act 
and  pick  stout  forms  as  females  and  slender  forms  as  males. 

Again,  because  this  late  development  of  the  trypanosomes  enables 
a  particular  fly  to  remain  infected  for  100  days,  or  even  possibly 
for  the  remainder  of  its  life,  it  by  no  means  follows  that  this  is 
the  usual  method  of  infection.  The  mechanical  transference  of 
the  disease  is  proved  up  to  the  hilt,  and  for  every  case  which  falls 
a  victim  to  the  rare  late-infected  fly,  a  thousand  must  be  infected 
by  direct  mechanical  transference. 


Summary  of  the  Experiment  which  forms  the  Subject  of  this 

Paper. 

Before  describing  at  length  the  experiment  which  forms  the 
subject  of  this  paper,  we  may  summarise  it  as  follows  :  — 

1.  On  March  5,  1909,  60  Glossina  palpalis  caught  on  the  lake 
shore  were  placed  in  two  cages,  30  in  each.  The  flies  were  fed, 
on  two  infected  monkeys  for  2  days.  They  were  then  starved 
for  72  hours  to  get  rid  of  mechanical  transference.  The  follow- 
ing 5  days  they  were  placed  on  a  healthy  monkey,  and  every 
successive  period  of  5  days,  or  thereabouts,  on  a  fresh  monkey, 
up  to  86  days,  when  the  experiment  came  to  an  end.  The  result 
was,  that  the  first  two  monkeys  remained  healthy,  but  that  all  the 
following  monkeys,  up  to  75  days,  became  infected  with  Trypano- 
soma gambiense. 

2.  If  7  days  be  deducted  for  the  incubation  period,  then  the  . 
flies  first  became  infected  18  days  after  their  first  feed  on  an  * 
infected  animal, 
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8.  There  is  some  evidence  that  among  tlie  60  flies  only  1  was 
infective.  Fifty-four  days  after  the  beginning  of  the  experi- 
ment each  cage  was  placed  on  a  separate  monkey  Up  to  that 
time  both  the  cages  of  flies  had  been  fed  on  the  same  animal. 
Cage  A  contained  after  54  days,  11  flies.  Cage  B,  4  flies.  Cao-e 
A  continued  to  infect  monkeys  for  21  days  more,  making  a  total 
of  <5  days.  Cage  B  did  not  infect.  Again,  as  was  natural,  the 
flies  gradually  died  off  during  the  experiment,  and  as  each  fly 
died  it  was  carefully  dissected  and  examined  for  trypanosomes 
Not  a  single  trypanosome  of  any  kind  whatever  was  seen  in  any 
dissected  fly  up  to  75  days,  when  a  fly  died  in  Cage  A  which  was 
found  to  be  swarming  with  trypanosomes  similar  to  Trypanosoma 
gamhzense.  After  the  death  of  this  fly,  Cage  A  ceased  to  be 
infective,  and  when  the  experiment  was  stopped  the  remaining 
flies  were  killed  off  and  dissected,  but  among  them  not  a  sign 
of  a  trypanosome  could  be  seen.  In  the  same  way  the  flies 
remaining  m  the  non-infective  Cage  B  were  examined,  with  a 
similar  negative  result. 

4.  Here  follows  an  interesting  and  unique  observation  A 
tmy  drop  of  fluid  taken  from  the  gut  of  the  75-day  fly  injected 
under  the  skin  of  a  monkey  gave  rise  to  Sleeping  Sickness  after 
an  incubation  period  of  eight  days.  This,  so  far  as  we  are  aware, 
is  the  first  time  this  has  been  recorded. 

5.  It  will  be  seen  from  the  detailed  experiment  that  the  flies 
were  starved  for  three  days  between  several  of  the  experiments. 
This,  of  course,  was  to  get  rid  of  the  fallacy  of  mechanical  trans- 
ference. 

6.  It  may  be  said  that  perhaps  these  monkeys  became  infected 
by  some  other  means  than  the  flies  in  the  cage — for  example,  by 
otlier  biting  flies,  or  by  contact.  To  this  it  may  be  answered  that 
tliere  are  more  than  200  monkeys  under  observation  here,  sick  and 
healtliy.  They  are  all  examined  twice  a  week,  but  during  the 
last  eight  months  not  a  single  case  of  accidental  infection  lias 
taken  place. 


Details  of  the  Experiment. 


Experiment  663. 

To  ascertain  if  development  of  Trypanosoma  gamhiense  takes 
place  in  the  interior  of  Glossina  palpalis,  and  if  so,  how  long 
does  the  fly  remain  infective. 

March  5,  1909.— Two  batch  es  of  Glossina.  palpalis  caught  on 
the  Lake  shore,  consisting  of  30  flies  in  each  batch,  were  fed  on 
monkeys.  Experiments  668  and  214,  whose  blood  contained 
numbers  of  Trypanosoma  gamhiense. 

March  6. — The  flies  again  fed  as  on  the  5th,  to  ensure  that  as 
many  as  possible  should  get  a  feed  of  the  infected  blood.  Nearly 
all  the  flies  fed  on  one  or  other  occasion.  The  flies  are  kept  in  a 
moist  atmosphere  at  22°  C. 


The  following  table  gives  tlie  px-incipal  details  of  the  experi- 
ment :  — 

Table  II. 


Date. 

Day 
of 
Experi- 
ment. 

Procedure. 

Result. 

Remarks. 

Posi- 
tive. 

Nega- 
tive. 

1909. 
Mar.  5 

6 
7 

8 
9 

10 
11 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

Apr.  1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

1 

-2 

3 

41 
5 

12  1 

13J 

14] 

15 

16  )- 

17 

18  J 

191 

20 

21  y 

22 
23  J 
241 
25 
26  > 
27 
28  J 
291 

30  i 

31  y 

32  1 

33  J 
341 
35 
36  > 
37 
38  J 
39) 
40  [ 
4lJ 
42  1 
43/ 
441 
45 
46 
47 
48  ^ 
49 
50 
51  J 

Flies  fed  on  infected  mon- 
key. 

))           ))  )) 
Flies  starved  72  hours. 

Fed  on  Monkey  579 
„            „  G51 

„      652  ... 
„            „  653 

„      654  ... 

„  655 

„      672  ... 

„      722  ... 

Starved  for  72  hours. 

Fed  on  Monkey  727 

+ 

+ 

+ 

+ 

+ 
+ 

+ 

D 
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Date. 


Day 
of 
Experi- 
ment. 


Procedure. 


Result. 


Posi- 
tive. 


Nega- 
tive. 


Starved  for  76  hours, 
f  Cage  A  fed  on  Monkey  735 


[  „ 


B 


„  7.% 
Starved  for  74  hours. 
■  Cage  A  fed  on  Monkey  749 


B     „         „  748 
Starved  for  72  hours, 
r  Cage  A  fed  on  Monkey  765 

.  »  B  „  „  764 
Starved  for  72  hours. 

Cage  A  fed  on  Monkey  848 

Starved  for  72  hours. 

Cage  A  fed  on  Monkey  911 
Experiment  stopped. 


+ 


+ 


+ 


Remarks. 


May  13.— Flies  re- 
maining in  Cage 
B  killed  and  dis- 
sected. 


May  19.— Fly  866 
found  dead  in 
Cage  A  and  dis- 
sected. Did  not 
feed  on  Monkey 
848. 


Expts.  848  and 
911  healthy  on 
7th  June,  1909. 

Remaining  flies 
killed  and  dissec- 
ted. 


Remarks  on  the  Experiment. 

Everyone  will  agree  that  tliis  is  a  most  interesting  experiment. 
It  is  evident  that  a  single  infected  fly  did  all  the  mischief,  and 
by  good  luck  this  fly  was  detected.  Captain  A.  E.  Hamerton, 
D.S.O.,  had  charge  of  the  experiment  at  first,  and  on  his  leaving 
Mpumu  about  the  beginning  of  May,  it  fell  to  Sergeant  A. 
Gibbons,  Royal  Army  Medical  Corps. '  Both  are  to  be  congratu- 
lated on  the  results,  whicli  are  the  outcome  of  care  and  thorougli- 
ness.  Captain  F.  P.  Mackie  had  the  good  fortune  to  dissect  tlie 
fly  whicli  did  tlie  injury,  and  which  will  be  fully  described  later. 

iNcuBATiOxy  Period. 

From  the  experiment  may  be  drawn  the  incubation  period  in 
monkeys  bitten  by  a  late-infected  fly. 
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It  is  remarkable  how  regular  this  is  in  those  moukeys  which 
gave  a  positive  result.  This  shows  how  very  infective  Fly  866 
was.    Apparently  each  time  it  bit  it  infected. 

The  following  table  gives  the  period  of  incubation  in  eacli 
case : — 

Table  III. 


Date. 

Experi- 
ment. 

Flies  first  fed. 

Trypanosomes 
appeared  in 
Blood. 

Number  of  Days 
before  Trypanosomes 
appeared  in  Blood. 



1909. 

1909. 

1909. 

March  19 

652 

March  19  ... 

March  30  ... 

11 

„     24  ... 

653 

)) 

24  ... 

April 

2  ... 

9 

„     29  ... 

654 

)) 

29  ... 

6  ... 

8 

April  3 

655 

April 

3  ... 

» 

13  ... 

10 

„       8  ... 

672 

1) 

8  ... 

)7 

15  ... 

7 

„     13  ... 

722 

n 

13  ... 

)) 

20  ... 

7 

„      18  ... 

727 

)) 

18  ... 

24  ... 

6 

„     28  .... 

735 

)) 

28  ... 

May 

5  ... 

7 

May  5 

749 

May 

5  ... 

5) 

11  ... 

6 

„      12  ... 

765 

)) 

12  ... 

)) 

17  ... 

5 

Leaving  out  the  first  experiment,  652,  as  it  is  doubtful  as  to 
the  exact  day  Fly  866  became  infective,  this  gives  an  average 
incubation  period  of  seven  days.  It  would  therefore  appear  that 
Fly  866  probably  infected  each  animal  on  the  first  day  it  bit  it, 
showing  how  dangerous  such  an  infected  fly  is. 


Description  of  the  Glossina  palpalis,  Fly  866,  which  was 
DISSECTED  75  Days  after  having  fed  on  a  Monkey  whose 
Blood  contained  Trypcmosoma  gamhiense. 

Experiment  866. 

May  19,  1909. — Dissected  a  Glossina  j^alpalis,  which  was  found 
dead  to-day  in  Cage  A  of  Experiment  663.  On  removing  the 
viscera  by  the  usual  method,  the  mid-gut  was  seen  to  be  of  a 
pale  salmon-pink.  A  small  quantity  of  its  contents,  examined  in 
the  fresh  condition,  was  found  to  contain  enormous  numbers  of 
trypanosomes.  The  tube  of  this  part  of  the  intestine  was  abso- 
lutely crammed  with  active,  seething  masses  of  these  flagellates. 
In  regard  to  the  other  parts  of  the  fly,  nothing  was  seen  in  the 
proboscis.  In  the  proventriculus  one  trypanosome  only  was 
found.  The  salivary  glands  contained  large  numbers  of  altered- 
looking  trypanosomes,  the  fore-gut  many  large  stout  forms,  with 
bright  granules.  The  crop  was  empty  and  showed  nothing.  The 
Maipighian  tubules,  hind-gut,  and  proctodseum  also  were  drawn 
blank. 

In  addition  to  examining  these  organs  in  the  fresh  condition, 
smears  were  made  and  stained.  The  examination  of  these 
stained  specimens  gave  the  following  results:  — 

The  salivary  rjlands. — These  had  been  carefully  removed  before 
the  intestine  was  opened,  and  therefore  had  no  chance  of  being 
fouled.  As  will  be  seen  from  tlie  coloured  drawing  (Plate  4, 
fig.  1),  the  trypanosomes  found  in  tliese  glands  differed  from 


15477 


62 


those  seen  in  the  intestine.  The  bodies  are  very  irregular  in 
shape,  and  contain,  besides  a  reddish-stained  nucleus,  dark  deeply- 
stained  coarse  chromatin  granules.  The  other  cell  contents 
remain  unstained.  Free  chromatin  granules  and  flagella  are  to 
be  seen  scattered  over  the  field.  Sometimes  the  bodies  are 
definitely  pear-shaped,  with  a  flagellum  coming  from  the  narrow 
end,  and  rarely  a  more  definite  trypanosome  shape  can  be  seen :  , 
but  never  a  true  trypanosome. 

[It  is  a  matter  of  deep  regret  that  an  inoculation  experiment 
was  not  made  with  an  emulsion  of  part  of  the  salivary  glands.] 
^  TAe  fore-gut. — The  fore-gut  contained  many  trypanosomes. 
The  cytoplasm  stains  a  pale  blue,  and  the  micleus  a  reddish- 
purple.  The  micronucleus  is  not  distinctly  seen  in  some  of  the 
trypanosomes,  but  when  it  is,  it  is  always  distinctly  posterior  to 
the  nucleus.  The  protoplasm  contains  many  coarse  darkly- 
stained  chromatin  granules.  The  undulating  membrane  is  less 
marked  than  in  the  normal  blood  trypanosome,  and  the  flagellum, 
which  usually  springs  from  a  micronucleus-like  body,  is  less  deeplv 
stained  (Plate  4,  figs.  6-13). 

The  mid-gut. — The  mid-gut  contained  innumerable  trypano- 
somes of  the  gambien.se  type.  Some  are  dividing,  and  all  have  a 
well-marked  nucleus  and  micronucleus,  the  latter  at  or  near  the 
posterior  extremity.  The  protoplasm  contains  many  chromatin 
granules,  and  an  undulating  membrane  and  flagelluiu  are  present 
(Plate  4,  figs.  6-lG).  Many  groups,  or  rosettes,  composed  of  15 
to  20  individuals,  occur,  the  flagella  pointing  outwards  (Plate  5, 
fig.  1). 

The  proboscis,  proventriculus,  thoracic  gut,  crop,  hind-gut,  and 
Malpighian  tubes  contained  no  trypanosomes. 
_  The  most  interesting  thing  in  this  description  of  the  examina- 
tion of  Fly  866  is  the  condition  of  the  salivary  glands.  How 
these  trypanosome-like  bodies,  or  derivatives  of  trypanosomes, 
got  into  them  is  a  mystery,  and  we  will  content  ourselves  at 
present  with  merely  placing  the  bare  fact  on  record  until  the 
salivary  glands  of  similarly  infected  flies  are  examined. 

There  is  one  fallacy  which  might  be  pointed  out.  It  is 
assumed  that  Fly  866  became  infected  on  the  first  or  second  day 
of  the  experiment.  It  is  possible  that  it  became  infected  when 
feeding  on  the  fifth  day  on  an  animal  which  showed  trypano- 
somes in  its  blood  a  day  or  two  later.  This,  however,  is  unlikely, 
as  no  other  fly  showed  trypanosomes  on  dissection. 

In  order  to  make  the  story  more  complete,  on  Plate  4, 
figs.  1-5,  is  represented  the  Trypanosoma  gamhiensc  from  the 
blood  of  one  of  the  monkeys  on  which  the  flies  were  fed  at  the 
beginning  of  the  experiment,  and  on  Plate  5,  figs.  2-5,  are  shown 
Trypanosoma  gambiense  from  the  monkey  which  became  infected 
from  the  contents  of  the  mid-gut  of  Fly  866. 

pROPORTiox  OF  Infected  Flies  to  Non-Infected  in  N.^tttre. 

_  In  the  experiment  under  consideration  it  is  seen  that,  in  artifi- 
cially-infected flies,  only  1  in  60  showed  the  phenomenon  of  late 
infectivity.  In  nature  the  proportion  must  be  less,  as  many  of 
the  flies,  in  many  places  at  least,  can  never  have  fed  on  an  animal 
whose  blood  contained  Trypanosoma  gambiense. 
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Tiiat  tliere  can  be  but  few  under  natural  conditions  Table  iV. 
shows.  Tlie  table  is  made  by  siibtraeting  the  flies  fed  on  tlie 
animal  during  tbe  last  seven  days,  before  trypanosomes  were 
found  in  tbe  blood,  this  being  tbe  incubation  period,  from  the 
total  mimber.  The  experiments  consist  in  catching  tsetse  flies 
in  the  infected  area,  bringing  them  to  the  laboratory  and  placing 
them  straightway  on  healthy  animals. 

The  first  two  experiments  were  made  with  Tryijanoaonna  hrucei 
and  Glossina  morsitans,  and  it  would  appear  from  them  that 
104  and  108  flies  were  used  respectively  before  an  infective  one 
was  found.  This  perhaps  explains  why  Bruce's  85  flies  failed  to 
infect. 


Table  IV. — Table  to  show  Probable  Number  of  Naturally 
Infected  Flies  per  thoxisand. 


Expt. 

Place. 

Observer. 

No.  of  Flies 
fed  before 
Infection 
took  place. 

Rea 

Posi- 
tive. 

ult. 

Nega- 
tive. 

Probable  No. 
of  Naturally 
Infected  Plies 
per  thousand. 

225 
236 

Trypanosoma  brucei— 

Zululaud  j  Bruce   

))        1  )) 

■Glossina'  i 

104 
108 

tlORSITJ 

+ 
+ 

lNS. 

9-G 
9-2 

Trypanosoma  gambiense — Glossina  palpalis. 


94 

Uganda... 

Bruce  and  Nabarro 

89 

+ 

11-2 

130 

11 

Bruce,  Nabarro,  and 
Greig. 

850 

+ 

1-2 

131 

„ 

11        11  11 

506 

+ 

1-9 

136 

11 

Nabarro  and  Greig 

723 

228 

11  ••' 

Greig  and  Grey  ... 

866 

+ 

1-2 

301 

11  "• 

11  11 

2,299 

45 

Leopold- 
ville. 

Dutton,  Todd,  and 
Hannington. 

457 

46 

)) 

))         ))  )) 

552 

128  a 

River    . . . 

))         11  11 

25 

139 

11 

'1         11  11 

262 

141 

)> 

1)         1)  11 

11             11  n 

52 

182 

Kasougo 

211 

198 

)i 

11         11  11 

2,659 

+ 

0-4 

203 

)) 

11         11  11 

1,789 

213 

)) 

11                 11  •! 

717 

52 

Uganda... 

Bruce,  Hamerton, 

41 

Bateman,  and 
Mackie. 

214 

„ 

1)        11  11 

3,284 

+ 

0-3 

568 

... 

11        11  11 

178 

+ 

5-6 

571 

,,  ... 

11        1)  11 

850 

+ 

1-2 

53«> 

„  ... 

11        11  11 

21 

612 

))  ••• 

11        11  11 

615 

+ 

1-6 

674 

11  '•• 

11        11  11 

2,315 

+ 

0-4 

Animal  died. 


Ill  the  experiments  with  Trypanosoma  gambiemc  and  Glossina 
palpalis  the  average  is  2'5  per  thousand.  It  is,  of  course,  impos- 
sible to  tell  how  many  of  these  positive  experiments  were  infected 
by  mechanical  transference  or  by  a  late-infective  fly ;  but,  in 
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any  case,  the  proportion  is  small.  If  this  were  not  so,  all  tlie 
native  population  of  the  Lake  shore,  and  most  of  the  Europeans 
in  ITgauda,  would  long  ago  have  been  blotted  out. 

DESCRIPTION  OF  PLATES. 
Plate  4. 

Smear  preparation  of  salivary  glands  of  Glosmia  pcdpalis,  Experiment  866 
stained  Giemsa,  showing  irregularly  shaped  trypanosomes,  with  unstained  proto- 
plasm, reddish-coloured  nuclei,  and  deeply  stained  chromatin  granules  Note  the 
chromixtin  granules  scattered  singly  about  the  field,  each  surrounded  by  a  pale 
area,  fig.  1.    x  2000.  '■ 

Normal  Trypanosoma  (jamhiense  from  monkey,  Experiment  568,  on  which  the 
hies  were  fed  at  the  beginning  of  the  experiment,  figs.  2,  3,  4,  and  5     x  2000 
^  Trypanosomes  from  the  mid-gut  of  infected  fiy,  Experiment  866,  figs.  6-16. 

Plate  5. 

Rosette  form  from  the  mid-gut,  fig.  1.    x  2000. 

Trypanosoma  gamhiense  from  the  blood  of  monkey,  Experiment  868,  into 
which  a  tiny  drop  of  the  contents  of  the  mid-gut  of  Fly  866  had  been  iniected 
figs.  2-5.     X  2000.    -  ^  J  I 

Trypanosomes  from  the  fore-gut  of  Fly  86ti,  stained  Giemsa,  figs.  6-13 
X  2000. 


[Reprinted  from  the  Proceedings  op  the  Eoyal  Society, 

B.  Vol.  81.] 

34.    A  NOTE  ON  THE  OCCUREENCE  OF  A  TEYPANO- 
SOME  IN  THE  AFRICAN  ELEPHANT. 

By  Colonel  Sir  David  Bruce,  C.B.,  F.E.S.,  Army  Medical 
Service;  Captains  A.  E.  Hamerton,  D.S.O.,  and  H.  E. 
Bateman,  Eqyal  Army  Medical  Corps;  and  Captain  F.  P. 
Mackie,  Indian  Medical  Service.  (Sleeping  Sickness  Com- 
mission of  the  Eoyal  Society,  1908.) 

(Eeceived  July  5,  1909.) 
[Plate  6.] 

As  trypanosomes  have  never  been  reported  as  having  been 
observed  in  the  blood  of  the  African  Elephant,  the  Commission 
thought  it  would  be  of  interest  to  note  this  observation. 

In  Laveran  and  Mesnil's  book  on  trypanosomes,  translated  by 
Nabarro,  on  p.' 261  it  is  stated  that  ''the  occurrence  of  Surra 
{Trypanosoma  evansi)  in  elephants  in  India  and  Burmah  is 
practically  proved.  In  this  connection  we  luive  only  the  state- 
ment of  G.  H.  Evans  that,  in  1893,  14  out  of  32  elephants  died 
of  the  disease,  in  Burmah."  The  year  1893  is  almost  prehistoric 
for  trypanosomes.  At  that  time  observers  have  even  failed  to 
distinguish  between  the  common  rat  trypanosome — Trypanosoma 
lewisi — and  that  of  Surra.  It  may  well  be,  then,  that  Evans  was 
jnistakeii  in  his  diagnosis  of  tlie  species  causing  this  large 
mortality  in  elephants. 

Tlie  African  elepliant,  in  whose  blood  tliis  trypanosome  was 
found,  wa.s  sliot  by  Mr.  L.  C.  Lea- Wilson,  of  the  Uganda  Com- 
pany, Limited,  at  a  spot  two  miles  from  the  eastern  shore  of  Lake 
Albert,  near  Ngogole,  about  31°  10'  E.  lat.  and  1°  30'  N.  long. 


^leepiruf  Sickness. 


HeportX,  PI 'f. 


i 


Sleeping  Sickness. 


Jiepor  lX  PI  S. 


^  E.Br  ace,  del 
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It  is  to  be  regretted  that  none  of  the  blood  was  injected  into  a 
dog,  donkey,  or  ox,  in  order  that  a  fuller  study  of  this  trypano- 
some  might  have  been  made.  As  it  is,  all  the  material  available 
are  a  couple  of  smears  raade  by  Mr.  Lea-Wilson  and  sent  to  the 
Commission. 

Morphology  of  the  Trypanosome  of  the  Elephant. 

Method  of  Fixing  and  Staining. — The  two  slides  received  from 
Mr.  Lea-Wilson  were  fixed  in  osmic  acid  vapour  and  alcohol, 
stained  in  Giemsa,  and  decolorised  in  orange  tannin.* 

Length. — For  method  of  measurement  see  the  same  paper, 
p.  16.  As  will  be  seen  from  the  coloured  plate,  which  was  drawn 
by  Sergeant  Gibbons,  R.A.M.C.,  this  trypanosome  is  of  medium 
size.  The  average  length  of  18  individuals  is  IS'S  microns: 
maximum  21,  minimum  15. 

Breadth. — On  an  average  the  breadth  at  the  thickest  part  is  3 
microns. 

Shape. trypanosome  is  of  the  Trypanosoma  brucei  type, 
inasmuch  as  it  has  a  well-developed  undulatory  membrane  and 
free  flagellum.  As  will  be  seen  from  the  drawing  (Plate  6), 
one  noteworthy  feature  it  has  is  the  uniformity  in  size  and  shape 
of  the  different  individuals.  The  posterior  end  is  blunt,  or 
conical,  reminding  one  somewhat  of  the  head  of  a  seal,  with  the 
bulging  micronucleus  for  an  eye.  The  body  thickens  as  far  as 
the  middle,  when  it  gradually  tapers  away  to  the  anterior  end. 

Contents  of  Cell. — The  protoplasm  is  clear  and  particularly 
free  from  granules. 

Nucleus. — The  nucleus  is  compact  and  sharply  defined  from 
the  neighbouring  protoplasm.  In  shape  it  is  round,  or  oval,  and 
often  lies  nearer  the  anterior  extremity  than  the  posterior.  Its 
length  averages  2  microns. 

Micronucleus . — The  micronucleus  is  small,  round,  and  distinct. 
It  is  situated  close  to  the  posterior  extremity,  and  often  appears 
to  bulge  above  the  surface. 

Undulating  Membrane. — The  undulating  membrane  is  well 
developed  and  thrown  into  well-marked  folds. 

Flagellum. — The  flagellum  stains  deeply.  It  runs  from  the 
micronucleus  along  the  edge  of  the  undulating  membrane,  beyond 
which  it  projects  as  a  free  flagellum  for  some  5  or  6  microns. 

Conclusions. 

In  our  present  state  of  knowledge  it  seems  impossible  to  name 
trypanosomes  from  their  form  alone.  We  were,  however,  much 
surprised,  a  short  time  ago,  by  Sir  John  McFadyean  separating 
with  ease  Trypanosoma  brucei  from  Trypanosoma  evansi.  If 
this  can  be  done  for  such  closely  related  species,  surely  it  should 
be  possible  to  do  it  for  all.  To  assist  to  this  end  it  would  be  well 
if  observers  would  adopt  one  method  of  fixing,  staining,  and 
measuring.  Fn  tlie  "  Third  Repoi-t.  of  the  Wellcome  Research 
Laboratories,"  Kliartoum,  facing  p.  30,  there  is  a  coloured  i^late 
of  trypanosomes,  stated  to  have  a  magnification  of  1000.  On 
measuring  one  of  them  it  is  found  to  have  a  magnification  of 

«  Vide  '  Roy.  Soc.  Proc.,'  Series  B,  vol.  81,  p.  16. 
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between  2000  and  3000.  Tlien,  again,  many  of  tlie  trypanosonies 
depicted  are  dividing  forms,  wliicli  is  misleading. 

'J'he  metliod  of  measuring  must  also  make  a  difference  ¥ov 
example,  lu  Laveran  and  Mesnil's  book  the  length  of  Tryimno- 
sovia  brucex  m  the  rat  is  given  as  26  to  27  microns,  whereas  by 
our  method  of  measuring  the  average  length  of  20  individuals  is 
microns  :  maximum  25,  minimum  20. 

The  trypanosome  of  the  elephant  has  an  average  length  of  IS'S 
microns:  maximum  21,  minimum  15,  a  well-developed  undula- 
tory  membrane  and  free  flagellum.  The  trypanosomes  with  free 
Hagella  are  Trypanosoma  brucei,  cazalboui,  evansi,  gamhiense 
pecamli,  and  souda.nense.  It  probably  is  neither  Tnjpanosovia 
cazalboui  nor  pecaudi,  on  account  of  its  well-developed  undulat- 
ing membrane  and  uniform  size.  Under  the  circumstances  it  is 
impossible  to  decide  as  to  its  identity  with  Trypanosovia  brucei, 
f/avilnensc  or  .sovdanensc,  but  if  a  guess  were  hazarded  then  it 
would  be  Trypanosovia  soxulaiiense. 

Until  the  nature  of  this  species  is  better  known  we  propose  to 
uame  it  Trypanosoma  eh'phantis . 


[Reprinted  from  the  Proceedings  of  the  Eoyal  Society, 

B.  Vol.  82.] 

35.  SLEEPING  SICKNESS  IN  UGANDA.— DURATION  OF 
THE  INEECTIVITY  OF  THE  GLOSSINA  PALPALIS 
AFTER  THE  REMOVAL  OF  THE  LAKE-SHORE 
POPULATION. 

By  Colonel  Sir  David  Bruce,  C.B.,  F.R.S.,  Army  Medical 
Service;  Captains  A.  E.  Hamerton,  D.S.O.,  and  H.  R. 
Bateman,  Royal  Army  Medical  Corps;  and  Captain  F.  P. 
Mackie,  Indian  Medical  Service.  (Sleeping  Sickness  Com- 
mission of  the  Royal  Society,  1908-09.) 

(Received  November  16,— Read  November  25,  1909.) 

_  During  the  last  two  years  the  policy  of  clearing  the  shores  and 
islands  of  Lake  Victoria  of  their  inhabitants  has  been  carried 
out  by  the  Uganda  Administration,  with  a  view  to  the  stamping 
out  of  Sleeping  Sickness. 

It  will  be  remembered  that  the  area  of  distribution  of  Sleeping 
Sickness  and  of  the  Glossina  palpalis  in  Uganda  is  the  same,  and 
is  limited  to  a  narrow  belt  along  the  Lake-shore  and  islands.  For 
the  past  two  years  no  native  has  been  allowed  to  live  or  work 
withm  two  miles  of  the  Lake-shore,  except  at  a  few  cleared 
landing-places;  and  within  the  last  few  months  all  the  islands 
liave  been  emptied. 

Until  recently  it  was  believed  that  the  fly  only  retained  its 
mtectivity  for  48  hours,  and  that  it  would,  theoretically,  be 
possible  with  safety  to  clear  an  island  of  its  infected  population 
one  day  and  restock  it  with  healthy  natives  a  few  days  later. 
Kecent  work,  however,  has  shown  this  to  be  wrong,  since  it  has 


Sleeping  Swkness. 


ReporlX.Pie. 


i 

i 
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beeu'  found  by  experuueut  that  the  %  cau  retain  its  infectivity 
up  to  80  days.  It  is  probable  that  after  a  fly  has  become  infected 
it  will  harbour  the  trypanosomes  for  the  rest  of  its  life;  but  wluit 
the  duration  of  this  is,  under  natural  conditions,  is  unknown. 

i<rom  an  administrative  point  of  view,  therefore,  it  is  most 
important  to  find  out  how  long  the  flies  on  the  Lake-shore  remain 
infective  after  the  native  population  has  been  removed.  Until 
this  IS  known  it  will  not  be  safe  to  allow  the  Lake-shore  and 
islands  to  be  re-mhabited. 

As  soon  as  the  Sleeping  Sickness  Commission  of  the  Eoyal 
Society  reached  Uganda  experiments  were  begun  to  test  this 
point.    At  first  the  flies  were  collected  at  Kibanga,  a  cleared 
landing-place  m  Buka  Bay,  six  miles  from  the  laboratory.  This 
landing-place  was  used  as  a  market,  where  the  inhabitants  of  the 
island  pf  Buvuma  came  once  a  week  to  trade  with  the  natives  on 
the  mainland.    In  November,  1908,  Kibanga  had  become  some- 
wHat  overgrown,  and  tsetse  flies  were  present  in  some  numbers 
As  the  Buvuma  islanders  were  highly  infected  with  Sleeping 
Sickness  this  constituted  a  danger  to  the  healthy  natives  of  the 
mainland,  who  had  come  to  the  market  from  outside  the  Sleepin"- 
Sickness  area     Steps  were  at  once  taken  to  have  the  landing 
thoroughly  cleared  of  undergrowth,  with  the  result  that  in  a 
short  time  the  flies  disappeared. 

The  following  experiment  shows  the  result:  — 

Experiment  52. — Monkey. 
To  ascertain  if  Glossina  palpalis  caught  at  Kibanga  market-place 
monke^  ^^'^^''^        *°  Sleeping  Sickness  in  a  healthy 


Date. 


No.  of  Plies. 


Put 
on. 


Fed. 


1908. 
Nov.  3 
G 
14 
16 
17 
18 
19 
20 
22 
23 
24 
25 
27 
29 
»  30 
Dec.  2 
„  3 
„  4 


» 
» 

» 

I) 
I) 
)> 
)) 
)) 
I) 


15 
17 
7 
4 
7 

50 


10 
12 
5 


12 
17 
7 
1 
4 

34 


Trypano- 
somes. 


Malaria. 


Date. 


No.  of  Plies. 


Put 
on. 


Ped. 


+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 


1908. 
Dec.  6 
7 
15 
17 
18 
23 
26 
30 


1909. 
Jan.  4 

„  9 

„  18 

„  20 

„  26 

„  28 

Feb  6 
Mar.  1 


Trypano- 
somes. 


Miliaria. 


+ 
+ 
+ 

+ 
+ 
+ 
+ 


+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 


Remarhs. 


-The  result  of  this  experiment  is  negative.  The 
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number  of  flies  caught  is  small,  and  they  soon  disappeared  as  the 
clearing  of  the  place  proceeded. 

The  other  experiments  were  all  made  with  freshly-caught  flies 
from  uninhabited  places  on  the  Lake-sliore.  The  Lake-shore,  as 
stated  above,  had  been  cleared  of  its  inhabitants  in  December, 
1907,  and  had,  therefore,  been  deserted  for  nearly  a  year  when 
these  experiments  began.  It  was  anticipated  that  the  flies  would 
l)e  found  non-iufective,  as,  in  the  absence  of  Sleeping  Sickness 
cases,  it  was  difficult  to  understand  where  they  could  obtain  the 
necessary  trypanosomes,  and  at  this  time  the  long  period  of 
infectivity  of  the  fly  was  unknown.  The  following  experiments 
give  the  result :  — 


Experiment  214. — Monkey. 

To  t^scertain  if  Qlossina  palpalis,  caught  on  the  Lake-shore,  where 
there  are  no  natives,  are  capable  of  giving  rise  to  Sleeping 
Sickness  in  healthy  monkeys. 


Dat.e. 


No.  of  Flies. 


Put 
on. 


1908. 
Nov.  23 
■„  24 
„  25 
„  26 
„  27 
„  28 
„  30 
Dec.  1 
„  2 
„  3 
„  4 
5 

„■  7 
„  12 
„  14 
„  15 

„  17 

„  18 

„  23 

„  28 

„  30 


60 
47 
60 
83 
78- 
14 


80 
70 


Fed. 


21 

10 

25 

20 

50 

26 

30 

17 

12 

8 

96 

23 

125 

41 

150 

60 

23 
26 
49 
37 
32 
6 


35 
32 


Trypano- 
somes. 


Malaria, 


-I- 
+ 

+ 
-i- 
-I- 
+ 
+ 
+ 
+ 
-f- 
+ 

+ 

+ 
+ 
+ 
+ 


Date. 


No.  of  Flies. 


1909. 
Jan.  4 

„  9 
„  15 
„  25 
„  26 
„  28 
Feb.  2 
„  3 
„  4 
„  5 
„  6 
„  8 
„  9 
„  10 
„  15 
„  16 
„  17 
" 

„  20 
„  22 
23 

"  H 

„  25 
„  26 
Mar.  1 


Put 
on. 


43 
35 

100 
105 
100 

100 
100 
200 
200 
200 
200 
170 
200 
200 
200 
130 
200 
200 
200 


Fed. 


Trypano- 
somes. 


24 
29 

65 
105 
90 

85 
82 
165 
146 
135 
120 
126 
134 
110 
124 
98 
140 
142 
135 


+ 


Remarks.— 2,m  flies  were  fed  on*  this  monkey  for  98  days 
before  a  positive  result  was  obtained. 
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Experiment  571. — Monkey, 


Ko.  of  Mies. 

Date. 

Trypano 

Put 

Fed. 

somes. 

ou. 

1909. 

Mar.  2 

200 

152 

o 

))  ^ 

200 

156 

„  4 

100 

78 

„  6 

150 

110 

„■  9 

200 

120 

„  10 

200 

110 

„  11 

200 

124 

Malaria. 


Date. 


JSTo.  of  Plies. 


Put 
on. 


Fed. 


Trypano- 
sonies. 


Malaria. 


1909. 

Mar.  15 

200 

152 

„  16 

100 

78 

„  17 

100 

74 

„  18 

100 

58 

+ 

„  20 

200 

112 

,,-.22 

+ 

-  + 

Remarks. — Eesult  positive.  Infection  probably  took  place  on 
March  15.  This  means  that  1,002  flies  fed  on  this  monkey  before 
infection  took  place. 


Experiment  612. — Monkey. 


Date. 

No.  of  Plies. 

Trypano- 
somes. 

No.  of  Flies. 

Trypano 
somes.  1 

Put 
on. 

Fed. 

Malaria. 

Date. 

Put 

Fed. 

Malaria. 

on. 

1909. 
Mar.  25 

„  26 
„  27 

340 
250 
200 

185 
124 
115 

1909. 
Mar.  29 

„  30 
April  6 

100 
200 

76 
115 

+ 

+ 
+ 

Remarks.— Result  positive.  Infection  probably  March  30- 
615  flies.  ' 

Experiment  674.^ — Monkey. 


Date. 


No.  of  Plies. 


Put 
on. 


Fed. 


Trypano- 
somcs. 


Malaria, 


1909. 

April  8 

250 

160 

„  9 

500 

240 

„  10 

500 

220 

„  12 

500 

245 

+ 

„  15 

500 

340 

„  19 

„  20 

250 

180 

„  22 

m) 

190 

Date. 


No.  of  FJies. 


Put 
on. 


Fed. 


Trypan 


som'er  ^^l^"'^- 


1909. 

April  23 
„  26 
„  28 
„  30 

May  1 
„  3 
„  7 


270 
200 
400 
400 
500 


180 
160 
240 
160 
290 


+  + 


+ 
+ 


i^emar/f. v.— Result  positive.  Infection 


April  30; 


2,315  flies. 


6U 


Expeiiiueut  758.— Monkey. 


Date. 

No.  of  B'lies. 

Trj'pano- 
somes. 

Malaria. 

Date. 

No.  of  Flies. 

Trypano- 
somes. 

Malaria. 

Put 
on. 

Fed. 

Put 
on. 

F(^d.. 

1909. 
May  •  8 
„  11 
„  14 
„  17 

270 
250 
200 

210 
170 
120 

+ 

1909. 
May  22 

„  28 
June  2 

„  7 

200 

130 

+ 

+ 
+ 
+ 
+ 

Remarks. — Result  positive.    Infection  May  28;  630  flies. 
Experiment  976. — Monkey. 

Date. 

No.  of  Flies. 

Trypano- 
sonies. 

Malaria. 

Date. 

No.  of  Flies. 

Trypano- 
somes. 

Malaria. 

Put 
on. 

Fed. 

Put 
on. 

Fed. 

1909. 
June  9 
„  10 
17 

800 
450 
550 

260 
180 
190 

1909. 
June  18 
„  20 
„  21 

200 
520 

90 
230 

+  + 

+ 
+ 

RemarJcs. — Result  positive.    Infection  June  10;  440  flies. 
Experiment  1117. — Monkey. 

Date. 

No.  of  Flies. 

Trypano- 
somes. 

Malaria,  i 

Date. 

No.  of  Flies. 

Trypano- 
somes. 

Malaria. 

Put 
on. 

Fed. 

Put 
on. 

Fed. 

1909 
June  24 
„  25 
n  26 
»  28 
„  29 

200 
.300 
150 
380 
500 

120 
160 
80 
165 
210 

1909. 
June  30 
July  1 

„  3 
„  5 

7 

500 
500 

4 

130 
220 

+ 

+ 
+ 

Remarks. — Result  positive.    Infection  June  28;  525  flies. 
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Experiment  1276.— Monkey. 


Date. 

No.  of  Elies. 

Trypano- 
somes. 

Malaria. 

Date. 

No.  of  flies. 

Trypano- 
somes. 

Malaria. 

Put 
on. 

Fed. 

Put 
on. 

Fed. 

1909. 
July  9 
„  12 
„  15 

110 
500 

70 
230 

+ 

1909. 
July  19 
„  20 
„  22 

300 

180 

+ 

+ 
+ 

Reviorks.—nemh  positive.    Infection  July  12;  300  fli 


Experiment  1462.— Ox. 


Date. 

No.  of  Flies. 

Trypano- 
somes". 

Malaria. 

Date. 

No.  of  Flies. 

Trypano- 
somes. 

Malaria. 

Put 
on. 

Fed. 

Put 
on. 

Fed. 

1909. 

Aug.  16 
„  17 
„  19 

120 
410 
320 

75 
250 
180 

1909. 
Aug.  20 
„  24 
„  26 

170 
350 

80 
120 

+ 

Rem-arks. —Jlesnlt  positive.    Infection  Augnst  19;  505  flies. 


Experiment  1465, — Ox. 


Date. 

No.  of  Flies. 

Trypano- 
somes. 

i 

No.  of  Flies. 

Put 
on. 

Fed. 

Malaria. 

1  Date. 

1 

Put 
on. 

Fed. 

Trypano- 
somcs. 

Malaria. 

1909. 
Aug.  27 

„  28 
Sept.  4 

150 
60 
230 

90 
35 
170 

i 

1909. 
Sept.  7 
»  9 
„  10 

30 

19 

+  + 

b.— Re.sult  positive.    Infection  September  4;  295  fli 
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Experiment  982.— Ox. 


Date. 


No.  of  Plies. 


Put 
on. 


Fed. 


1909. 

Sept.  11 

45 

36 

„  12 

65 

50 

,  14 

110 

75 

,  15 

125 

95 

„  16 
„  19 

420 

160 

55 

■40 

Trypano- 
somas. 


Malaria. 


No.  of  Flies. 


Date. 

Put 
on. 

I 

1909. 

Sept.  20 

»  21 

115 

85 

„  22 

180 

145 

„  23 

410 

380 

»  24 

300 

240 

„  27 

370 

230 

Trypano- 
Bomes. 


Malaria. 


+  + 


RemarJcs. — Result  positive.  Infection,  September  19 ;  456 
flies. 


The  following  table  summarises  these  results 


No. 

No.  of  Days 

Percentage 

Experiment. 

Place. 

of  Flies. 

before  Infection 

Result. 

of  Infected 

fed. 

took  place. 

Plies.* 

52 

Kibanga  ... 

91 

214 

Uninhabited  Lake- 

2500 

98 

+ 

0-04 

shore. 

0-10 

571 

))  I) 

1002 

20 

+ 

612 

)i  I) 

615 

12 

+ 

0-16 

674 

n  )) 

2315 

29 

+ 

0-04 

758 

))  )) 

630 

30 

+ 

016 

976 

))  )) 

440 

12 

+ 

0-23 

1117 

)i  » 

525 

11 

+ 

0-19 

1276 

)i  )) 

300 

13 

+ 

0-33 

1462 
1465 
982 

1)  )) 
)i  )) 

))  5) 

505 
295 
456 

10 
14 
16 

+ 
+ 
+ 

019 
0-34 
0-22 

*  This  is  calculated  on  the  assumption  that  there  is  only  one  infected  fly  in 
each  batch  of  flies  used  in  an  experiment. 

It  must  tlierefore  be  concluded  that  the  Glossina  palpalis  on 
the  uninhabited  shores  of  Victoria  Nyonza  can  retain  their 
infectivity  for  a  period  of  at  least  tivo  years  after  the  native 
■  population  has  been  removed.  How  much  longer  they  will 
remain  infective  it  is  impossible  to  say,_  but  it  is  obvious  that 
these  experiments  should  be  continued,  in  order  to  answer  this 
important  question. 

With  the  facts  at  our  disposal  it  is  not  possible  to  account  for 
this  (continued  infectivity.  It  may  be  due  to  the  duration  of  the 
life  of  these  flies  being  more  than  two  years— that  flies  which 
became  infected  before  the  natives  left  are  still  alive.  Or,  it  is 
possible  that  the  flies  have  lately  fed  on  natives  sufFering  from 
Sleeping  Sickness,  who  have  been  passing  in  canoes  from  the 
islands  to  tlie  mainland,  or  on  natives  who  still  frequent  the 
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]jake-shore  in  spite  of  the  prohibition.  Thirdly,  it  might  be 
explained,  if  any  of  our  canoe-men  or  fly-boys  had  trypanosomes 
in  their  blood.  Or,  lastly,  it  is  possible  that  the  mammals  and 
birds  along  the  Lake-shore  have  become  infected,  and  so  act  as  a 
reservoir  of  the  disease. 

To  these  speculations  it  may  be  answered  that  it  is  not  at  all 
likely  that  these  flies  have  the  opportunity  of  becoming  infected 
from  passing  canoes,  -^hich  during  the  last  two  years  have  been 
few  and  far  between,  or  to  natives  still  frequenting  the  Lake- 
shore.  _  Our  canoe-men  and  fly-boys  have  been  kept  under  careful 
supervision  during  the  whole  of  the  time,  their  blood  constantly 
examined,  and  once  a  month  blood  from  each  of  them  injected 
into  a  healthy  monkey.  There  remain,  then,  the  two  theories- 
long  duration  of  life  of  the  fly,  and  a  local  reservoir.  The  former 
cannot  at  present  be  answered,  and  there  is  no  experimental  proof 
of  the  latter,  since  the  injection  of  the  blood  of  the  Lake-shore 
birds  and  mammals  into  susceptible  animals  has  always,  up  to 
the  present,  given  negative  results. 


[Reprinted  from  the  Peoceedings  of  the  Royal  Society 

B.  Vol.  82.] 

36.    GLOSSINA    PALPALIS    AS    A    CAERIER  OF 
TRYPANOSOMA  VIVAX  IN  UGANDA. 

By  Colonel  Sir  Davib  Bruce,  C.B.,  F.R.S.,  Army  Medical 
bervice;  Captains  A.  E.  Hamerton,  D.S.O.,  and  H  R  Bate- 
man,  Royal  Army  Medical  Corps ;  and  Captain  F.  P.  Mackie 
Indian  Medical  Service.    (Sleeping  Sickness  Commission  of 
the  Royal  Society,  1908-09.) 

(Received  November  27,— Read  December  9,  1909.) 

_  One  of  the  important  trypanosome  diseases  of  cattle  in  Uganda 
IS  tJiat  caused  by  / rypanosoma  vivax  (Ziemann).  This  species  of 
trypanosome  appears  to  be  widely  distributed  in  Central  Africa 

the  North,  to  Rhodesia  m  the  South.    It  is  fairly  easily  reco-- 

t'l'ws  """^^  ^^^^^^  lif^'  its  charat 

teristic  shape  m  stained  specimens,  and  the  fact  that  it  only  affects 
cattle,  goats,  and  sheep;  while  monkeys,  dogs,  rabbits,  guinea- 
pigs,  rats  and  mice  are  refractory.  Its  carriers  have  usual  y 
been  reported  as  tabanus  and  stomoxys. 

ttJ^'i  '^ir*         iV^^i^t^  to  place  on  record  that  fact,  that  in 
Uganda  the  tsetse  flies,  Glos.,.na  palpalis,  which  are  found  in 
large  numbers  on  the  Lake-shore,  are  infected,  not  only  bv  Trv 
panosoma  gam.Jnense,  the  cause  of  sleeping  sickness,  but  also  by 
/rypanosovm  vvoax,    The  first  experiment  M'hich  showed  that 
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these  tsetse  flies  are  infected  with  the  latter  trypanosome  was  the 
following :  — 

Experiment  1318.— Calf . 

To  ascertain  if  oxen  will  become  infected  by  trypanosomes  if 
allowed  to  feed  in  the  "  fly  area." 

July  12,  1909.  A  healthy  calf  was  taken  down  to  the  liake- 
shore  at  Kibanga  and  ferried  across  the  bay  to  Nsonga,  where 
tsetse  flies  are  numerous.  The  flies  were  observed  to  feed  on  it 
in  numbers.  It  was  then  brought  back  to  Kibanga.  In  fiiture 
this  calf  will  be  taken  out  every  day  by  the  fly-boys  to  different 
I)arts  of  the  Lake-shore,  where  it  will  graze  while  the  boys  are 
catching  tsetse  flies. 

Augixst  8.    Returned  from  Lake-shore  to  Mpumu. 

August  11.  Trypanosioma  viva.v  present  in  the  blood  of  this 
calf. 

RemarJci^. — If  the  incubation  period  of  this  disease  is  assumed 
to  be  eight  days,  then  this  calf  remained  19  days  at  the  Lake- 
shore  before  it  became  infected.  The  proof  that  the  trypanosome 
found  in  this  calf's  blood  was  Trypanosowa  vivax  and  not  Try- 
panosoma f/awhiense  was  the  shape  and  appearance  of  the  para- 
site, the  fact  that  the  calf's  blood  injected  under  the  skin  of  two 
monkeys  gave  negative  results,  and,  lastly,  that  50  laboratory- 
bred  flies  fed  on  this  calf  afterwards  infected  a  goat  with  Try- 
panosoma vivax. 

Experiment  431.— Cow.    (Mother  of  Calf,  1318.) 

July  12,  1909.    This  cow  accompanied  her  calf  to  Kibanga, 
and  remained  with  it  during  the  experiment. 
August  8.    Returned  to  Mpumu. 
August  19.    Trypanosoma  vivax  discovered  in  blood. 
The  following  table  shows  the  dates  of  examination  :  — 


Parasites  in  Blood. 


Date. 


Piroplasma. 


Trypanosoma. 


1909. 
January  9 
„  20 
21 

„  28 
February  2 
9 

„  26 
August  9 

11 

19 


+ 


RcmarJcs. — It  is  possible  that  this  cow  became  infected  from 
lier  calf,  but  it  is  more  probable  that  she  became  infected  in  the 
same  way  and  about  the  same  time  as  her  calf. 
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Tlie  remaining  experiments  were  carried  out  by  bringinff 
ireshly-caxight  Glossina  palpalis  from  the  Lake-shore  to  the 
laboratory  at  Mpumu  and  placing  them  on  healthy  oxen. 

Experiment  1462.— Bull. 

To  ascertain  if  freshly-caught  Glossina  palpalis,  fed  on  healthy 
 cattle,  will  give  rise  to  any  trypanosome  disease. 


Date. 


Plies. 


Put  on. 


Fed. 


Result. 


I 

T.  gamUense.\     T.  vivax. 


1909. 
August     16  . 

17  . 
19 

20  ., 
24  ., 
26  ., 
September  1  .. 

2  .. 

3  .. 

4  .. 

6  .. 

7  .. 

8  .. 

9  .. 


120 

I 

75 

•  •  • 

410 

250 

320 

180 

170 

80 

•  •  • 

350 

120 

•  •  • 

+ 

+ 

+ 

— 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

Reviarks  .—Qoih  Trypanosoma  gamUense  and  Trypanosoma 
mvax  appeared  iA  the  blood  of  this  bull. 

Experiment  445. — Bull. 


Date. 


Flies. 


Put  on. 


Fed. 


Result. 

Trypanosoma 
vivax. 


1909. 

1 
1 

September  28 

470 

220 

29  ... 

160 

95 

30  ... 

65 

45 

October  1 

300 

•  180 

2 

400 

280 

4  ... 

500 

300 

190 

85 

7  ... 

250 

170 

8  ... 

300 

165 

11 

100 

70 

15 

450 

360 

16 

470 

350 

18 
19 

+ 

+  + 

'^«''^«*^'  oiily  appeared  in  the  blood  of 
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Experiment  1465. — Bull. 


Flies. 

Result. 

Date. 

Put  on. 

Fed. 

Tu  gamhieuHe. 

T.  vivax. 

1909. 

August    27  ... 

»  -8  

September  4  

7  

150 
60 
230 

90 
35 
170 

9  

„  10  

„  11  

30 

19 

+ 

+ 

Reniarlis. — Botli  T i-ypanosoma  gaiiihiense  and  Trypanosoma 
■vivax  appeared  in  the  blood  of  this  bull. 

Experiment  982.— Bull. 


Date. 


Flies. 


Put  on. 


Fed. 


Eesult. 


T.  (jamhiense. 


T.  viva.r. 


1909. 

September  11  ... 

12... 
14... 
15... 
16... 
19... 
20... 
21... 
22... 
23  ... 
24... 
25  ... 
27... 
14  ... 


October 


45 

36 

65 

50 

110 

75 

125 

95 

420 

160 

55 

40 

115 

85 

180 

145 

410 

380 

300 

240 

370 

230 

+ 


+ 


Remarks. — Botli  Trypanosoma  gavibiensc  and  Try2mnosoma 
vivax  appeared  in  the  blood  of  this  bull. 

Conclusions. 

.1.  Tlie  Glossina  palpalis  on  tbe  shores  of  Victoria  Nyauza  are 
infected,  not  only  by  Trypanosoma  gamhiense,  but  also  by  Try- 
panosoma vivax. 

2.  What  the  reservoir  of  the  virus  of  Trypanosoma  vivax  is,  is 
unknown,  but  the  buffalo,  waterbuck,  and  other  antelope  wliich 
live  on  the  Lake-shore  should  be  examined. 
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37.    ON  THE  ACTION  OF  ANTIMONY  COMPOUNDS  IN 
TRYPANOSOMIASIS  IN  RATS :  BEING  A  REPORT 

^?cT.'^c-n^JlS;?^^^^TT^E  0^  THE  TROPICAL 
DISEASES  COMMITTEE  OF  THE  ROYAL  SOCIETY. 

By  John  D.  Thomson,  M.B.,  CM.,  and  Arthur  R.  Cushny, 

M.D.,  F.R.S. 

(Received  November  23,  1909,— Read  January  20,  1910.) 

The  near  chemical  and  pharmacological  relation  of  arsenic  and 
antirnony  suggested  naturally  the  use  of  the  latter  in  a  disease  in 
wnicli  the  former  has  proved  of  value;  but  the  irritant  action  of 
tlie  ordinary  antimony  salts  seemed  to  preclude  their  use  by  hypo- 
dermic injection.    After  repeated  attempts  to  form  organic  com- 
pounds of  antimony  analogous  to  atoxyl,  one  of  us  (C.)  submitted 
to  Plimmer  and  Thomson,  for  experimental  trial,  a  compound 
o±  glycine  and  antimony,  and  their  results  with  it  showed  that, 
antimony  possesses  trypanocidal  properties.  This  antimony  com- 
pound proved  difficult  to  make  and  unstable,  however,  and  these 
observers  substituted  for  it  tartar  emetic;  the  results  were  satis- 
factory, and  the  following  investigation  was  undertaken  with  the 
object  of  determining  the  limits  of  usefulness  of  other  antimony 
compounds  m  these  diseases.    The  experiments  were  made  on  rats 
infected  with  a  strain  of  Nagana  {T .  hrucei)  obtained  by  the 
kindness  of  Sir  J.  McFadyean.    This  strain  was  fatal  to  rats 
withm  SIX  days  after  inoculation,  or  within  three  days  after  try- 
panosomes  appeared  in  the  blood.    The  inoculation  and  treatment 
were  carried  out  at  the  Lister  Institute  of  Preventive  Medicine. 

In  the  use  of  the  heavy  metals  it  is  generally  recognised  that 
tlie  more  readily  dissociated  compounds  are  liable  to  cause  more 
local  irritation  than  others,  and  where  the  local  action  is  to  be 
avoided,  attempts  are  made  to  use  compounds  which  are  less 
immediately  dissociated  and  pass  into  the  general  tissues  in  their 
original  form,  there  to  free  the  metallic  ion  compound  which  is 
necessary  for  the  desired  effect. 

An  example  of  this  is  offered  in  the  substitution  of  atoxyl  for 
the  older  arsenic  preparations  in  the  treatment  of  trypanosomiasis 
for  there  is  no  question  that  the  atoxyl  owes  its  activity  to  the 
simpler  compounds  formed  from  it  in  the  tissues.  It  is  possible 
that,  m  addition  to  avoiding  local  irritation,  such  compounds  as 
atoxyl  may  penetrate  into  cells  which  are  not  permeable  by 
ordinary  arsenic  salts,  and  that  the  latter  may  in  this  way  be 
liberated  in  cells  to  which  they  would  not  otherwise  have  had 
access. 

With  this  in  mind  it  seemed  desirable  to  test  the  action  of  com- 
pounds m  which  antimony  is  more  firmly  combined  than  the 
ordinary  salts,  but  very  few  organic  combinations  are  available 
and  we  have  succeeded  in  obtaining  only  two  such  for  investio-a- 
Jrr■TT^  I-  first    was    tetraethylstibonium  iodide 

(^UsMs)  4f3bi),  which  was  injected  into  seven  Nagana  rats  in 
16477 
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quantities  iip  to  20  milligrainmes,  but  had  no  effect  wliatever  on 
the  parasites,  the  injected  animals  dying  at  the  usual  time,  and 
the  blood  being  found  to  be  swarming  with  trypanosomes.  Tlie 
other,  diphenylstibinchloride  (  (CgHs)  2SbCls,  HoO),  was  kindly 
put  at  our  disposal  by  Professor  A.  Michaelis,  of  llostock,  but 
proved  quite  devoid  of  action  in  quantities  of  4  c.c.  of  a  saturated 
sohitiou  in  sodiiim  carbonate,  in  wbicli  it  is  more  soluble  than  in 
water.  These  compounds  appear  non-irritant,  but  tbe  antimony 
is  probablj^  not  freed  in  tlie  tissues,  the  first  compound  in  par- 
ticiilar  resembling  the  ammonium  salts,  which  pass  through  the 
animal  body  Avithoiit  freeing  nitrogen. 

These  compounds  proving  valueless  for  our  purpose,  it  was 
determined  to  find  in  what  form  the  antimony  ion  had  to  be 
liberated  to  be  effective,  and  a  number  of  compounds  com- 
mercially obtainable  were  tested.  Of  these  the  potassium 
metantimoniate  (SbOsOK),  injected  in  quantities  up  to  -30  milli- 
grammes, scarcely  affected  the  trypanosomes  in  the  blood;  doses 
above  30  milligrammes  were  followed  by  the  disappearance  of  the 
parasites  from  the  circulation,  but  the  rats  became  very  ill  and 
died  within  a  few  days,  and  -post  m,orfe7n.  enteritis  and  nephritis 
were  found  to  have  been  developed.  A  preparation  of  antimony 
oxide  (SboOs),  stated  to  be  in  colloidal  form,  was  obtained  from 
Kalle  and  Co.,  but  proved  extremely  irritating,  and  had  a  very 
low  efficiency.  The  preparation  contained  4-5  per  cent,  of  anti- 
mony oxide  only,  and  in  quantities  corresponding  to  4  milli- 
grammes of  the  oxide  had  little,  if  any,  effect  in  reducing  the 
number  of  trypanosomes  in  the  blood;  8  milligrammes  caused 
their  disappearance,  biit  they  recurred  on  the  fourth  day. 

In  the  former  of  these  preparations  antimony  is  presented  in 
pentavalent,  in  the  latter  in  trivalent,  form,  and  both  are  equally 
inefficient,  while  in  the  forms  in  which  it  is  presented  in  com- 
bination with  organic  acids  it  is  also  in  trivalent  form,  but  has 
been  shown  to  have  a  high  degree  of  activity.  It  is  possible  that, 
given  in  the  colloid  form,  it  is  deposited  locally  and  fails  to 
reach  the  trypanosomes.  This  would  also  explain  the  intense 
local  action,  which  was  more  marked  from  this  than  from  any 
other  preparation. 

A  glyceride  of  antimony,  analogous  to  boroglyceride,  was 
formed  "^by  heating  glycerine  with  the  oxide,  and  proved  fairly 
effective  in  destroying  the  trypanosomes  in  the  rats,  but  it  was 
very  irritant  and  caused  hsfemoglobinuria,  and  the  solution  m 
glj^'cerine  tended  to  deposit  the  oxide  when  diluted. 

A  few  experiments  were  made  with  Schlippe's  salt,  sodium 
sulphantimonate((NaS)3SbS)  ;  it  destroyed  the  trypanosomes  in 
the  rat  very  satisfactorily  (see  Table  I.),  but  induced  very  con- 
siderable local  .reaction,  and  therefore  appears  to  be  precluded 
from  use  in  therapeutics.  This  result  agrees  with  that  obtained 
by  Broden  and  Rodliain*  in  man. 
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Table  I.-,Sumn.ar.y  of  Kesults  of  Treatment  witli  Sclilippe's  Salt. 


1. 

11. 

TT  1 

IV. 

iSTuniber  of  Kilts 
treated. 

Number  of  Eats  that  died 
without  recurrence,  but 
before  any  deduction 
could  be  made. 

-Number  of  Eats  surviving 
over  one  month  after 
cessation  of  treatment 
without  recurrence. 

Number  of  Rats 
in  which 
recurrence 
occurred. 

20 

6 

3 

11 

one  TrrT..;r      ^^V^l  ^''^  surviyed  39  days, 

to  be  tlie  disease  or  its  treatment. 

lU^o/^'q  'To'  ^^n'^'lf  vP'Jr^^  ■  I^^^^^rrence  took  place  in 
two  nf +1  '      '  l^'  ^"^^^       ^^^y^'  '^^^^  ^^11  died  within 

frnXpt.f        ^essafron  of  treatment  from  tbe  recurrence  (or 
with  +t       ''T'^'^'f'       ^^,^.^y  l^acl  more  than  one  recurrence), 
with  the  exception  of  one  which  was  alive  and  well  244  day 
after  cessation  of  treatment  of  the  recurrence-the  latter  bv 
another  drug  (sodium  antimonvl  tartrate)  ^ 

len?.xiuffe'l''^'  'T^-''\^''  i«  P-^+-^^^- 

ll         f  efficient  trypanocides,  especially  the  former 

a^:^^— '  ^-^--3^  -  also^pentavalent; 

o-ZY-  ''^!^P^^f?;*"^^o^iate  differs  from  the  metantimoniate  in  its 
giea  instability,  and  it  seems  probable  that  the  marked  local  I'e- 
aotion  arising  from  it  is  due  in  great  part  to  its  bein-  decomDosed 

moS^  s^b^ide  srs'^^i   '''^  i^sZrzt 

monj  sulpiude  bh2i^,,  which  produces  a  slow,  lastino-  reaction 
Enough  reaches  the  general  tissues,  however,  to  react  wTth  tTe 

The  gi;eater  number  of  our  experiments  iAere  done  with  the 
combinations  of  antimony  with  the  organic  acids  co   espond^n ' 
to  the  ordinary  tartar  emetic.    Among  these  the  best  combina° 
ions  w^re  found  to  be  those  with  ox;acids  of  the  fattT  series" 
hose  of  the  aromatic  series  proving  much  less  soluble"  Amon^ 
the  salts  examined  were  the  lactate,  citrate,  malate,  and  nu^te 

tartrar      "  '^''^  obiained  by  the 

They  were  formed  by  boiling  antimony  oxide  with  the  acids 
and  subsequently  neutralising  with  sodium  hydrate,  or  sometimes 

with  the  idea  thaf  its  iilllltij]^;;^?:;^!  ^^i?^;- 

have_  special  powers  of  retaining  antiinor.;  in  solu  io     m  ,v  1  " 

dismissed,  as,  though  powerfully  trypanocid^il     t    u  .'n 

great  local  irritation.    The  citrate  iirr  o  ^  in  e  ^  toli^ 

malates  and  tarirates,  which  were  approximately  equ^l  i^  Zlt 
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Table  II. — Summary  of  Results  of  Treatment  witli  Sodium 

Antimonyl  Malate. 


I. 

II. 

III. 

IV. 

Number  of  Rats 
treated. 

Number  of  Rats  that  died 
without  recurrence,  but 
before  any  deduction 
could  be  made. 

Niimber  of  Rats  surviving 
one  month  after 
cessation  of  treatment 
without  recurrence. 

Number  of  Rats 
in  which 
there  was 
recurrence. 

23 

9 

5 

9 

Of  the  rats  included  in  Column  III.  :  One  survived  241  days; 
one  113  days;  one  115  days;  one  66  days;  and  one  was  alive  and 
well  235  days  after  cessation  of  treatment. 

Of  the  rats  included  in  Column  IV.  :  Eecurrence  took  place  in 
12,  11,  7,  17,  5,  11,  9,  36,  and  10  days,  and  all  died  within  two 
weeks  of  cessation  of  treatment  of  recurrence  (or  of  the  last  recur- 
rence), except  one  which  lived  231  days  after  cessation  of  treat- 
ment of  the  recurrence  by  another  drug  (Schlippe's  salt). 

■    Among  the  tartrates  and  malates,  the  sodium  and  potassium 
salts  were  equally  efficient  trypanocides,  and  there  was  no  appre- 
ciable difference  in  their  local  effects,  but  the  substitution  of  an 
alkyl  radical  for  the  potassium  or  sodium  of  the  salt  seemed  to 
be  attended  with  some  advantage.    Solutions  of  ethylantimonyl 
tartrate  were  kindly  prepared  for  us  by  Professor  Collie  by  heat- 
ing freshly  precipitated  antimony  oxide  with  ethyl  tartrate,  to 
about  150°  C.  in  sealed  tubes.    The  solutions  are  distinctly  acid 
but   can  be   neutralised   or   rendered   slightly   alkaline  witli 
ammonia,  and  can  be  sterilised  by  boiling  without  any  cloudiness 
resulting.    It  is  a  very  efficient  trypanocide  and  causes  no  local 
irritation  in  the  rat.    After  the  injection  of  1  c.c.  of  a  0  2-pei- 
cent.  solution*  into  rats  of  100  to  200  grammes  weight,  trypano- 
Bomes,  though  previously  numerous,  entirely  disappear  from  the 
peripheral  blood  within  one  to  two  hours.     Estim^ated  bj  he 
amount  of  antimony  present  in  the  solutions   the  ethyl   s  more 
powerfully  trypanocidal  than  the  sodium  salt,  which  may  sug- 
gest either  that  less  is  deposited  at  the  point  of  application  or 
that  it  reaches  the  trypanosomes  m  a  more  readuy  penetiatmg 
form. 

Though  more  poisonous  to  the  rat  than  sodium  antimonyl  tar- 
trate, the  rancjeoi  dose,  or  the  ^i^^rence  between  he  c^e^^ 
trypanocidal  dose  ami  the  lethal  dose,  is  not  less  than  that  of  t^ht 
other  antimony  preparations.  The  optimum  dose  may  be  found 
to  correspond  to  Browning's  therapeutic  dose,  viz.  :  two-thuds 
of  the  maximum  dose  that  average  animals  tolerate. 

From  our  own  work,  and  that  of  others,  we  think  that  sufficient 
data  have  been  obtained  to  indicate  some  points  which  must  Pe 

*  The  strength  of  the  solution  was  ascertained  by  estimation  of  the  antimony 


71 


tukeu.iuto  consideration  iu  attempting  furtlier  advance  in  tlie 
treatment  of  trypanosomiasis  :  — 

^^'1  /^'^  /^gards  tlie  compound  it  must  be  non-irritant  and 
capable  of  remaining  in  perfect  solution  at  tlxe  temperature  and 
alkalinity  of  tlie  tissues. 

(2)  It  must  act  quickly  on  tlie  trypanosomes,  for  otherwise 
these  parasites  seem  to  acquire  a  tolerance  to  it.  It  is  possible 
tliat  some  drugs  may  require  to  be  altered  in  tbe  tissues  before 
tliey  begin  to  affect  the  parasites ;  but  with  this  proviso,  we  sug- 
gest,_  as  a  working  rule,  tliat  no  drug  wliicli,  given  in  full  thera- 
peutic dose,  does  not  destroy  the  trypanosomes  in  the  blood  within 
two  hours  IS  likely  to  prove  an  advance  on  remedies  already 
m  use. 

(3)  When  the  trypanosomes  have  been  expelled  from  the  blood 
by  a  single  full  therapeutic  dose,  there  must  be  no  recurrence 
in  the  majority  of  cases  within  some  fixed  time,  which  will  vary 
Avith  the  particular  host,  and  the  species  and  strain  of  trypano- 
some  in  use ;  the  length  of  this  period  must  be  determined  by  each 
investigator  by  reference  to  some  of  the  known  trypanocides.  In 
our  experiments  it  proved  Avaste  of  time  to  persevere  withiany 
drug  whose  administration  in  a  single  full  dose  was  followed  by 
a  recurrence  in  the  majority  of  cases  Avithin  a  Aveek.  The  longer 
the  time  during  Avhich  there  is  no  recurrence  in  the  majority  of 
animals  treated  the  more  promising  is  the  outlook  for  the  drug 
under  trial.  But  the  non-recurrence  in  a  single  indiAadual  is  of 
comparatively  small  importance. 

In  our  experiments  the  majority  of  the  rats  that  survived  the 
injection  for  three  weeks  showed  recurrence  Avithin  that  time, 
except  when  ethyl  antimonyl  tartrate  Avas  employed,  Avheu  the 
results  Avere  slightly  more  favourable. 

In  the  recent  report*  from  Uganda,  the  conclusion  is  draAvn 
that  the  medicinal  treatment  pursued  up  to  that  time  had  proved 
of  little  lasting  benefit  in  tbe  great  majority  of  even  the  early 
cases  of  sleeping  sickness.  From  this  it  seems  a  fair  inference 
that  remedies  which  suffice  to  change  an  acute  trypanosomiasis 
into  a  more  chronic  form  may  ameliorate  symptoms,  but  do  not 
necessarily  greatly  prolong  the  natural  course  of  a  chronic  infec- 
tion such  as  sleeping  sickness.  In  seeking  for  a  remedy  for  the 
chronic  condition,  by  experimeiits  Avith  acute  infections,  nothing 
short  of  an  immediate  and  complete  disinfection  should  be  the 
object,  and  it  is  with  this  vicAj^  that  Ave  venture  tq  suggest  the 
foregoing  considerations.  i 

Applying  these  principles  to  the  ethyl  antimony  compound,  it 
appears  to  comply  Avith  the  first  fairly  satisfactorily.  It  expelled 
the  trypauosoiues  from  the  l)]ood  Avithin  t.Avo  hours.  As  regards 
recurrence  after  a  single  full  dose,  of  13  rats  inoculated,  6  showed 
a  recurrence,  on  the  14th,  16th,  16th,  22nd,  26th,  and  29th  day. 
There  was  no  recurrence  in  the  7  others. 


*  Q";"„'^fi'^y  I^eport  on  the  Progress  of  Segregation  Camps  and  Medical  Treat- 
Vm)  Sickness  in  Uganda  (Quarter  December  1, 1907,  to  February  20, 
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Table  III. — Summary  of  Eesults  of  Treatment  witli 
Etliylantimonyl  Tartrate. 


I. 

II. 

III. 

IV. 

Number  of  Rats 
treated. 

Number  of  Rats  that  died 
without  recurrence,  but 
before  any  deduction 
could  be  made. 

Number  of  Rats  surviving 
over  a  month  after 
treatment  without 
recurrence. 

Number  of  Rats 
in  which 
there  was 
recurrence. 

13 

0 

7 

6 

Of  tlie  rats  included  in  Column  III.,  one  died  of  pneumonia  on 
the  84tli  day,  and  five  of  tlie  others  from  exposure  to  cold  between 
the  l'35tli  and  165tli  day,  leaving  one  survivor  after  260  day.s. 

Of  the  rats  in  Column  IV.,  recurrence  took  place  after  14,  16, 
16,  22,  26,  and  29  days  respectively. 

No  other  drug  has  given  such  favourable  results  in  our  experi- 
ments, but  we  recognise  that  it  will  be  necessarj^  to  test  it  against 
other  species  and  strains  and  in  different  hosts  before  any  general 
statement  as  to  its  usefulness  can  be  made. 

We  have  also  treated  some  rats  with  a  solution  combining  the 
best  of  the  arsenical  and  antimonial  trypanocides  at  present  known 
to  us,  viz.,  ethylantimonyl  tartrate  and  atoxyi.  Twelve  rats  were 
inoculated  with  the  Nagana  strain,  and  on  the  third  day  after, 
when  a  fair  number  of  trypanosomes  were  present  in  the  blood, 
they  received  a  single  injection  of  0'T5  c.c.  of  a  solution  contain- 
ing 2  per  cent,  of  atoxyi  dissolved  in  0'2  per  cent,  of  ethylanti- 
monyl tartrate. 


Table  IV. — Summary  of  Results  of  Treatment  with  Atoxyi  + 

Ethylantimonyl  Tartrate. 


I. 

II. 

nr. 

IV. 

Number  of  Rats 
treated. 

Number  of  Rats  that  died 
without  recurrence,  but 
before  any  deduction 
could  be  made. 

Number  of  Rats  surviving 
over  a  month  after 
treatment  without 
recurrence. 

Number  of  cases 
of  recurrence. 

12 

2 

8 

2 

Of  the  rats  included  under  Column  III.,  two  died  in  31,  one 
each  in  39,  43,  56,  89  days,  and  two  survived  after  260  days. 
Thus,  while  the  number  of  recurrences  was  fewer  than  from  the 
antimony  alone,  the  combination  of  the  two  drugs  seemed  to  tend 
to  be  toxic.  This  was  more  obvious  in  a  series  of  19  rats  treated 
with  a  single  injection  of  0-75  c.c.  of  3-per-cent.  atoxyi  in  0"3-per- 
cent.  ethylantimonyl  tartrate  solution.  Of  these,  11  died  within 
24  hours  of  the  injection,  and  as  the  blood  was  free  from  trypano- 
somes, they  evidently  succumbed  to  the  treatment. 
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Table  A^.— Summary  of  llesults  of  Treatment  Avitli  Larger  Doses 

of  Atoxyl  and  Autimoiiy. 


I. 

II. 

III. 

IV. 

Is' limber  of  Rats 
treated. 

IN  lunbor  of  Kats  that  died 
vfithout  recurrence,  but 
too  soon  for  any 
deduction. 

Number  surviving  over  a 
month  without  recurrence. 

Number  of  cases 
of  recurrence. 

19 

16 

2 

1 

Of  tlie  two  rats  included  in  Column  III.,  one  died  on  tlie 
113tli  day,  and  one  survived  after  225  days.  Tlie  recurrence 
noted  in  Column  IV.  was  noted  on  tlie  25tli  day.  One  of  tliose  in 
Column  II.  had  trypanosomes  in  the  blood  tbe  day  after  treat- 
ment and  died  tbat  daj. 

Tbe  results  of  tbe  combined  medication  were  thus  scarcely- 
superior  to  those  of  tbe  etbylantimonyl  tartrate  alone,  for  tbougb 
tbere  were  fewer  recurrences  when  atoxyl  was  added,  tbe  mor- 
tality from  poisoning  was  bigber,  so  tbat  only  two  survived  for 
two  months  as  against  six  of  those  treated  with  antimony  alone. 
It  is  possible  tbat  by  a  more  accurate  adjustment  of  tbe  two  drugs 
the  advantages  of  diminished  recurrence  and  low  toxicity  might 
be  combined. 


as.  REPORT  ON  A  COLLECTION  OF  BLOOD-PARASITES 
MADE  BY  THE  SLEEPING  SICKNESS  COMMIS- 
SION, 1908-09,  IN  UGANDA. 

By  E.  A.  MiNCHiN,  M.A.,  Professor   of   Protozoology   in  the 

University  of  London. 

(Plates  7,  8,  9.) 

The  following  report  deals  with  a  collection  of  slides  sent  home 
by  Sir  David  Bruce  from  Uganda,  and  entrusted  to  me  for 
further  investigation  by  tbelloyal  Society.  The  whole  collection 
consisted  of  27  slides  bearing  blood-smears  taken  from  amphibia, 
reptiles,  and  birds  (no  mammals),  all  stained  by  tbe  Romanowsky 
method,  some  with  Giemsa's  stain,  others  with  Leisbman's.  I 
have  no  information  as  to  tbe  method  by  which  tlie  blood  was 
fixed,  but  tbe  films  seem  to  have  been  prepared  by  the  ordinary 
method  of  drying  in  air,  followed  by  fixation  with  absolute 
alcohol  or  methyl-alcohol.  In  some  cases  the  smears  are  covered 
in  others  not.  ' 

With  tbe  slides  were  a  number  ot  coloured  drawings  by  Lady 
Bruce  of  tbe  parasites  in  tbe  smears.  Some  of  tbese  drawings 
are  reproduced  here,  togetlier  with  a  cei'tain  number  drawn  from 
the  preparations  by  my  assistant,  Miss  Rhodes.  With  regard  to 
these  drawings  I  wish  to  make  one  observation.     All  Lady 
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Bruce's  drawings  were  stated  to  liave  been  executed  at  a  magnifi- 
cation of  2,000  diameters,  a  standard  maguificatiou  wliick  I 
always  employ  for  blood-parasites  of  this  kind,  unless  they  are 
excessively  minute.  When,  however,  Miss  Rhodes  drew  para- 
sites from  these  slides  at  a  magnification  of  2,000,  they  came  out 
appreciably  larger  than  Lady  liruce's  drawings  of  the  same 
parasites.  I  then  checked  the  magnification  of  Miss  Rhodes's 
drawings  carefully  by  the  method  of  drawing  the  divisions  of  the 
scale  of  a  stag-e-micrometer,  using  the  same  camera  lucida,  eye- 
pieces, objectives,  and  microscope,  with  the  same  length  of  tube, 
in  sliort  the  same  arrangements  in  every  detail  that  Miss  Rhodes 
had  used  in  making  her  drawings ;  and  I  found  that  the  magnifi- 
cation was  as  accurately  2,000  as  it  was  possible  to  make  it.  In 
order  to  compare  the  magnifications  of  the  two  sets  of  drawings, 
Miss  Rhodes  drew  with  the  camera  lucida  the  outlines  of  some 
red  blood-corpuscles  of  the  small  toad  {see  below),  to  compare 
with  drawings  of  corpuscles  from  the  same  slide  made  by  Lady 
Bruce.  It  was  then  found  that  the  corpuscles  drawn  by  Miss 
Rhodes  at  a  magnification  of  2,000  averaged  35  mm.  in  length, 
while  those  drawn  by  Lady  Bruce  averaged  29  mm.  in  length. 
From  tlieseme-isurements  I  calculate  that  Lady  Bruce's  drawings 
are  really  magnified  between  1,600  and  1,700  diameters. 

The  simplest  method  of  dealing  with  a  collection  of  material  of 
this  kind  is  first  to  enumerate  the  hosts  in  systematic  order, 
stating  briefly  the  forms  of  parasites  that  occur  in  each,  and  then 
to  deal  with  points  of  interest  presented  by  the  various  forms 
of  parasites.  I  may  state  at  once  that  no  new  or  unknoAvn 
types  of  blood-parasites  have  been  discovered  in  these  slides, 
but  nevertheless  some  of  the  observations  are  well  worth 
recording ;  perhaps  the  most  interesting  result  of  this  investi- 
gation is  the  comparison  of  Halteridia  from  a  number  of  different 
species  of  birds,  which  has  not,  to  my  knowledge,  been  under- 
taken before.  It  Avill  be  seen  that  the  Halteridia  differ  from  one 
another  in  structural  characters  in  a  marked  manner  and  to  an 
extent  which,  I  must  confess,  was  a  surprise  to  me. 


I.  The  Hosts  and  theiu  Pakasites. 
Amphibia. 

This  class  of  vertebrates  is  represented  by  one  slide  and  a 
drawing,  labelled  "  Small  toad  from  Kibanga,  28.11.08."  The 
slide  is,  however,  a  very  interesting  one,  since  the  smear  con- 
tains two  forms  of  trypanosomes  fairly  abundantly.  One  of 
these  trypanosomes  (pi.  9,  figs.  61-G3)  is  very  large  and  similar 
in  every  way  to  Trypanosoma  mega,  Dutton  and  Todd  (1903, 
pp.  51-53,  pi.  II.,  fig.  4),  which  was  discovered  by  these  investi- 
gators in  "  small  frogs  caught  in  a  marsh  at  McCarthy  Island." 
Tlie  other  trypanosome  is  much  smaller  (pi.  9,  fig.  G4)  and 
different  in  its  characters;  it  is  also  generally  not  so  well  pre- 
served on  this  slide  as  the  large  form,  and  it  is  difficult  to  find 
good  specimens  of  it  to  draw.    In  all  tlie  trypanosomes  in  this 
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smear  both  the  trophonucleus  and  the  flagellnm  are  faintly 
stained ;  the  free  flagelhim  can  only  be  seen  with  critical 
ilhimination. 

Ah  regards  the  large  type  of  trypanosomej  its  chief  characters, 
in  addition  to  its  large  size,  are  as  follows :  the  trophonucleus  is 
placed  slightly  behind  the  middle  of  the  body,  and  appears  in 
the  Eomanowsky-stained  preparations  as  a  large  oval  space, 
placed  transversely  and  stretching  across  the  whole  width  of  the 
body,  usually  quite  clear,  but  sometimes  showing  a  few  grains 
tinged  a  faint  red  (pi.  9,  fig.  63).  The  surface  of  the  pre- 
nuclear  region  of  the  body  shows  very  distinct  longitudinal 
striations  in  the  form  of  dark  streaks,  stained  bluish  or  purplish, 
alternating  with  light  streaks,  or  perhaps  more  correctly  spaces, 
which  are  broken  up  into  a  succession  of  alveoli  by  thinner  trans- 
verse dark  streaks  connecting  the  thicker  longitudinal  streaks 
already  mentioned.  This  system  of  striations  is  generally  inter- 
preted as  a  system  of  myonemes  or  contractile  fibrillee,  the  light 
interspaces  being  regarded  as  the  contractile  elements  them- 
selves ;  but  the  preparations  I  have  before  me  suggest  strongly 
that  the  dark  streaks  should  be  identified  as  the  actual  contractile 
elements,  if  anything.  This  question  cannot,  however,  be 
decided  by  a  stain  so  unreliable  for  finer  details  of  structure  as 
the  Romanowsky  combination,  and  no  other  preparations  are 
available.  The  striations  are  continued  over  the  nucleus  into 
the  hinder  part  of  the  body,  where,  however,  they  become  less 
distinct  and  obscured  by  coarse  granulations. 

It  is  interesting  to  note  that  in  the  pre-nuclear  region  the 
striations  sometimes  run  nearly  parallel  on  the  two  surfaces  of 
the  body,  and  in  other  cases  cross  each  other,  those  seen  at  the 
higher  focus  being  often  nearly  at  right  angles  to  those  at  the 
lower  focus,  indicating  clearly  that  in  the  latter  case  the  body  has 
a  spiral  twist  more  or  less  pronounced  (pi.  9,  fig.  62).  These 
appearances  were  noticed  also  by  Button  and  Todd. 

The  kinetonucleus  is  not  very  large,  generally  oval  in  outline, 
and  stains  deeply;  it  is  always  close  behind  the  trophonucleus, 
and  there  is  a  long  postnuclear  region  of  the  body,  sometimes 
greatly  drawn  out  and  attenuated.  The  flagellum  arises  from 
close  beside  the  kinetonucleus  and  runs  along  the  edge  of  a  fairly 
deep  undulating  membrane,  finally  ending  as  a  free  flagellum 
of  moderate  length.  The  undulating  membrane  shows  about  a 
dozen  pleats,  deeper  posteriorly  and  shallower  anteriorly.  The 
course  taken  by  the  undulating  membrane  is  very  instructive 
when  compared  with  the  arrangement  of  the  myoneme-striations 
(pi.  9,  figs.  61,  62).  Ill  those  specimens  in  which  the  stria- 
tions are  straight  and  parallel  on  the  two  sides  of  the  bodv 
(fig.  61),  the  body  lies  in  the  form  of  a  C,  and  the  undulating 
membrane  runs  along  the  convex  side  of  the  curve.  When,  how- 
ever, the  myoneme-striations  cross  each  other  on  the  two  surfaces 
of  the  body  (pi.  9,  fig.  62),  the  body  itself  has  one  or  more 
S-like  curves,_  and  the  undulating  membrane,  keeping  always  to 
the  convex  side  of  a  curve,  crosses  over  or  under  the  body  at 
each  spot  where  the  curvature  changes.  In  all  cases  alike  it  can 
be  seen  that  the  undulating  membrane  is  parallel  to  those 
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inyoneme-stnatioiis  wliich  are  nearest  to  it  at  its  line  of  attach- 
ment to  the  surface  of  the  body,  and  that  the  differences  in  the 
course  of  the  undulating  membrane  in  different  specimens  are 
due  simply  to  the  degree  of  spiral  twisting  in  the  body  indicated, 
as  already  stated,  by  the  myoneme-striations ;  possibly,  indeed 
caused  by  the  contractility  of  the  myonemes  themselves 

The  other  type  of  trypanosome  on  this  slide,  besides  beine- 
much  smaller  (pi.  9,  fig.  64),  has  a  moderately-sized  tropho- 
nucleus  placed  m  the  posterior  half  of  the  body  and  far  removed 
from  the  kinetonucleus,  which  is  relatively  close  to  the  posterior 
termination  of  the  body,  so  that  the  post-nuclear  portion  of  the 
body  IS  short.  The  flagellum  arises  close  to  the  kinetonucleus 
and  the  undulating  membrane  is  not  greatly  pleated.  The  body 
does  not  show  distinct  myoueihe-striations,  but  the  cytoplasm 
presents  the  appearance  of  vacuoles  which  sometimes  are 
ai'ranged  m  longitudinal  series,  an  arrangement  perhaps  due  to 
the  existence  of  myoneme-bands. 

The  question  at  once  suggests  itself,  whether  these  two  forms 
of  trypanosome  belong  to  the  same  or  to  different  species.  With 
regard  to  the  large  forms,  trypanosomes  of  this  type  have  been 
described  by  several  observers  from  African  frogs  since  they 
were  first  discovered  by  Dutton  and  Todd  in  1903 ;  for  instance 
by  Dutton,  Todd,  and  Tobey  (19(J7)  and  by  Eodhain  (1908),  all  of 
whom  consider  that  both  the  me^ra-type  and  the  other  types  of 
form  observed  in  frogs  are  all  simply  developmental  variations 
of  the  common  T.  rotatoriuvi,  and  Laveran  and  Mesnil  also 
incline  to  this  view  in  their  well-known  work  on  trypanosomes 
(190T,  pp.  465-473).  It  would  hardly  be  profitable  to  discuss 
this  question  on  the  evidence  presented  by  a  single  slide.  I  may 
remark  merely  that  if  all  the  various  forms  described  from  frogs 
belong  to  one  species,  then  the  two  forms  occurring  on  Sir  David 
Bruce's  slide  may  well  be  two  forms  of  the  same  species  also. 
On  the  other  hand  the  frequent  occurrence,  to  judge  from  the 
literature,  of  Trypanosoma  mega  from  African  frogs,  and  the 
fact  that  it  has  not  been  recorded,  so  far  as  I  am  aware,  from 
European  frogs,  seems  tome  to  indicate  that  T.  mega  is  a  species 
distinct  at  all  events  from  the  European  T.  rotatorium. 

Reptilia. 

_  (1)  Lacertilia. — The  collection  contains  one  slide  labelled 
simply  "  lizard  "  without  any  further  indication  as  to  the  species ; 
some  drawings  have  been  made  from  it  l)y  Lady  Bruce  (pi.  7, 
figs.  20-23),  which  show  an  infection  witli  an  intra-corpus- 
cular  pigmented  hajmamoeba  of  the  type  of  the  Hfemaviwba 
metschnikori  described  by  Simond  from  an  Indian  tortoise.  Such 
forms  are  now  known  from  various  reptiles  and  have  been  placed 
by  Willey  in  a  separate  genus  Hcemocystidium,  but  the  majority 
of  writers  include  them  in  the  comprehensive  genus  Plasviodium 
(Ha'inavif/'ha).  In  the  present  instance  large  fi-ee  forms  are 
also  seen  (pi.  7,  fig.  20),  wliich  have  evidently  been  liberated 
from  the  corpuscles,  either  by  their  own  efforts,  or  it  may  be 
by  rupture  of  the  corpuscle  in  making  the  smeai'.  The  film  is 
unfortunately  a  defective  one;  in  many  places  the  corpuscles  are 
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run  togetlier,  and  only  their  nuclei  are  distinguishable;  in  other 
places  there  is  much  precipitate  of  stain.  A  great  many  of  the 
corpuscles  present  the  apearance  of  young  ' Hnnnocystidia  in 
their  interior,  but  I  am  inclined  to  think  that  tliese  appearances 
are  caused  by  deposits  of  the  stain. 

(2)  0'pliiclia.—T\\ex%  are  three  slides  of  smears  of  snakes'  blood, 
each  with  figures  drawn  from  them.  One  of  the  slides  is  labelled 
1  1^-1  •09/'  and  the  accompanying  drawing  shows 

a   red  blood-corpuscle  and   a   peculiar  cell,   and  is  marked 

evidently  a  white  blood-corpuscle,  not  a  parasite,"  an  opinion 
with  which  I  entirely  agree.  Another  slide  is  labelled  "small 
.snake,  13.12.08,"  and  the  corresponding  drawing    is  marked 

strange  cells  seen  in  a  small  snake  killed  on  Mpumu."  Having 
compared  the  draAving  with  the  specimen,  the  cells  in  question 
appear  to  me  to  be  also  large  leucocytes  filled  with  coarse  rect- 
staming  grams  obscuring  more  or  less  completely  a  faintly 
stained  nucleus. 

The  third  slide  is  labelled  "snake-blood,  3.2.09,"  and  the 
drawing  shows  typical  hsemogregarines  in  blood-corpuscles  and 
is  marked  "  same  parasite  in  liver  with  a  few  free  forms."  Miss 
lihodes  has  drawn  some  more  figures  from  the  film.  As  will  be 
seen  from  the  drawings  (pi.  7,  figs.  1-4),  the  heemogregarine  is 
a  broad,  more  or  less  bean-shaped  form,  occurring  in  various 
stages  of  growth.  No  vermicular  forms  were  observed,  either 
tree  or  coiled  up  m  the  corpuscle.  The  younger  forms  are 
moderately  stout  and  do  not  displace  the  nucleus  of  the  corpuscle ; 
on  the  other  hand  very  broad  forms  occur  which  push  the  nucleus 
to  one  side;  there  is,  however,  no  karyolysis.  Some  of  the 
htemogregarmes  are  extremely  vacuolated.  They  are  also  in 
many  cases  very  full  of  coarse  red-stained  grains,  "which  may  or 
may  not  be  chromatic  in  nature.  The  nuclei  of  the  parasites 
vary  greatly  m  size  and  appearance,  as  the  drawings  show. 
-  (3)_  There  are  two  slides  in  the  collection,  with 

drawings  made  from  them,  the  one  labelled  "  Tortoise  10  1  09  " 
the  other  "  Tortoise,  16.1.09."-  There  is  no  indication  as  to  the 
species  of  tortoise,  nor  even  whether  the  two  smears  were  from 
the  same  species ;  since,  however,  the  two  preparations  show  quite 
.similar  parasites,  and  it  is  reasonable  to  suppose  that  a  diterence 
m  the  species  of  the  host  would  have  been  noted,  it  may  be 
inferred  -that  both  smears  are  taken  from  tlie  same  species  of 
tortoise. 

Both  tlie  tortoise-smears  show  hacmogregarines,  very  abun- 
dantly, and  trypanosomes,  in  scanty  numbers  and  requinno-'some 
searching  to  find.  The"  htemogregarine  presents  itself  under  a 
variety  of  forms  and  phases,  and  is  found  both  free  and  iutri- 
corpuscular.  . 

The  intra-corpuscular  forms  of  the  hfemogregarine  can  be 
classified  under  three  types ;  in  all  cases  alike  the  nucleus  of  the 
corpuscle  is  displaced  but  not  karyolyzed.  There  are  first  of 
all  a  smnll  number  of  young  forms  (pi.  7,  fig.  5)  remarkable 

iai„ei  than  that  of  the  full-grown  forms,  appearing  as  a  mass 
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of  chromatin-grains  occupying  nearly  the  whole  body,  and  leav- 
ing  only  a  small  quantity  of  cytoplasm  free  at  the  two  ends. 
Secondly,  there  are  vermicular  forms  (pi.  T,  figs.  6-8),  curled 
up  within  the  corpuscle  in  the  characteristic  jnanner ;  the  nucleus 
in  this  form  is  generally  placed  near  the  point  at  which  the  body 
bends  over,  and  is  relatively  small  or  of  moderate  size  and  usually 
compact ;  the  cytoplasm  stains  a  faint  blue,  as  a  rule,  and  may  be 
quite  free  from  granulations,  but  more  usually  contains  numerous 
red-stamed  grains,  sometimes  aggregated  in  a  dense  clump  at 
the  thickest  part  of  the  body,  where  the  entire  cytoplasm  may 
be  stained  red  (pi.  7,  fig.  T).  The  third  form  of  parasite  is 
broad  and  bean-shaped  (pi.  7,  figs.  10-13) ;  the  cytoplasm  stains 
an  intense  blue  and  generally  is  free  from  red-staining  grains, 
but  the  nucleus  is  very  large,  occupying  the  middle  of  the  body, 
and  appearing  usually  as  a  diffuse  patch  of  chromatin-granules. 

The  free  haimogregarines  (pi.  7,  figs.  9,  14)  found  on  these 
smears  do  not  differ  in  type  from  the  intracorpuscular  forms,  and 
they  appear  to  me  to  have  been  set  free  passively,  by  the  process 
of  smearing  out  the  blood  on  the  slide,  rather  than  by  their  own 
efforts.  This  conclusion  is  clearly  indicated  by  the*^  vermicular 
types ;  only  in  a  single  instance  have  I  seen  a  vermicule  stretched 
straight  out,  after  the  manner  of  such  forms  when  truly  free. 
All  the  other  free  vermicules  that  I  have  seen  are  curled  up  in 
just  the  same  manner  as  when  they  are  intra-corpuscular,  and 
in  many  cases  a  delicate  capsule  can  still  be  seen  round  them 
(pi.  7,  fig.  9).  I  infer,  therefore,  that  the  free  parasites  in  these 
slides  have  become  so  by  rupture  of  the  host-cell  artificially. 

The  trypanosomes  found  on  the  slides  do  not  call  for  any 
special  remark ;  they  are  of  fairly  large  size,  and  their  general 
appearance  is  shown  by  fig.  65,  pi.  9. 

(4)  Crocodilia. — The  collection  contains  one  slide,  with  a' 
drawing  labelled  "  crocodile,  3.1.09,  liver."  It  shows  a  some- 
what scanty  haemogregarine-infection  (pi.  7,  figs.  15-19).  The 
intra-corpuscular  forms  are  either  bean-shaped  or  vermicular,  and 
in  the  latter  case  they  are  curled  up  in  the  characteristic  manner 
with  a  distinct  capsule  (fig.  16).  The  nucleus  of  the  corpuscle 
is  displaced,  but  not  karyolyzed.  The  free  forms  are  for  the 
most  part  similar  to  those  found  in  the  corpuscles,  but  in  one 
case  I  have  found  a  straightened-out  and  apparently  naturally- 
free  vermicule  (fig.  19). 

BlKDS. 

The  bulk  of  the  collection  consists  of  smears  of  bird's  blood, 
19  smears  in  all,  representing  10  species  of  birds.  On  these 
preparations  all  the  familiar  types  of  aVian  blood-parasites  are 
represented,  namely :  — 

(1)  The  type  for  which  Labbe's  name  Halteridium  (1894)  is 
still  the  most  distinctive,  although  the  name  which  is  at  present 
believed  to  be  most  correct,  according  to  the  rules  of  zoological 
nomenclature,  is  limmoproteus.  I  shall  refer  to  these  parasites 
as  Halteridia,  without  prejudice  to  the  vexed  question  of  their 
correct  designation.  Their  distinctive  features  are  as  follows: 
they  are  intra-corpuscular  parasites  of  the  red  cells,  more  or  less 
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amoeboid,  and  containing  melanin-pigment ;  tliey  do  not  displace 
tlie  nucleus  of  the  corpuscle  but  grow  round  it,  assuming  the 
characteristic  halter-like  form  which  is  expressed  by  Labbe's 
name.  When  the  blood  is  drawn  and  cooled  down  without  being 
dried,  the  ripe  gametocytes  burst  their  corpuscles,  and  the  male 
forms  "  flagellate,"  that  is  to  say,  throw  off  male  gametes.  This 
habit  of  flagellating,  and  the  fact  that  they  contain  melanin- 
pigment,  distinguishes  Halteridia  at  once  from  Hc^mogregarines. 

(2)  The  form  which  Labbe  named  Proteosoma,  of  which  the 
name  certified  to  be  correct  is  Plasmodium  (or  Hcemamoeba) 
jrrcECOx  according  to  some,  P.  (H.)  relictmn  according  to  others. 

^ii.  ^0      simply  as  the  Proteosoma-parasite.    It  agrees 

with  Halteridium  m  all  its  characteristics  except  one  by  which 
it  IS  easily  distinguished ;  namely  that  the  parasite  displaces  the 
nucleus  of  the  host-cell,  and  appears  as  a  compact  mass  occupying 
nearly  the  centre  of  the  blood-corpuscle. 

(3)  The  Leucocytozoon  or  parasite  of  the  white  corpuscles  dis- 
covered by  Danilewsky  (by  no  means  to  be  confused  with  the 
pseudo-leucocytozoa  found  in  some  mammals,  a  perfectly  distinct 
type  of  parasite,  hsemogregarine  in  nature).  The  true  avian 
Leucocytozoon  is  a  peculiar  spindle-shaped  body  in  its  full-grown 
form,  without  melanin-pigment,  and  with  the  nucleus  of  the 
host-cell  attached  to  one  side  of  the  body  of  the  parasite  and 
often  greatly  drawn  out.  The  adult  Leucocvtozoa  show  well- 
marJved  male  and  female  types,  and  when  the  blood  is  drawn, 
the  full-grown  forms  burst  their  corpuscles  and  ronnd  them- 
selves off,  the  male  forms  proceeding  to  "flagellate"  just  like 
the  two  parasites  already  mentioned.  In  blood-films  the  attached 
nucleus  of  the  host-cell  generally  stains  deeply  and  is  very 
distinct,  but  the  nucleus  of  the  parasite  itself  stains  feebly  and 
IS  often  difficult  to  make  out.  In  the  preparations  upon  which 
I  am  reporting  the  nucleus  of  the  parasite  is  generally  not  visible 
or  appears  as  an  indistinct,  faintly-stained  patch  of  pinkish 
colour.  ^ 

(4)  Trypanosomes. -The  types   of    avian    trypanosomes  are 

(1907  ^^l  mim^^^^^        ^^^'"''^  ""^'^^ 

In  addition  to  the  above  four  types  of.  Protozoan  blood- 
parasites,  filarial  worms  occur  in  several  of  the  preparations  in 
this  collection.  Since  the  practice  of  drying  blood-smears  and 
staining  them  by  the  Romanowsky  method  is  a  very  defective 
technique  for  the  study  of  the  structure  of  filarire,  I  shall  content 
myself  with  merely  noting  their  occurrence  on  these  slides. 

I  proceed  now  to  describe  the  preparations  of  birds'  blood  iu 
order :  — 

(1)  Guinea- fowl  (Numida  ptilorhyncha?).*— There  are  seven 
l'^'    ^'^J^^^lood    of    the    guinea-fowl,    all    of  different 
dates.      The  first  (15.11.08)  shows  a  very  scanty  inf^clion 

Mr*  PnUi^^  '4''?*'""  ^i-e  denoted  only  by  popular  names 

Mr.  B  Olgilvie  Grant,  of  the  British  Museum  of  Natural  Hitorv  I  s  Sit 

Zlolm  "'^"''^  '"'^'^  cloubtfuf7e  'ZSl 
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of  Halteridmiu.  The  second  (27.11.08)  sliows  Halteridium 
und  Leucocytozooii,  but  tlie  preparatiou  is  very  defective 
and  the  blood  in  parts  is  liyemolyzed.  T]ie  tliird  (4.1.09) 
also  shows  a  scanty  infection  of  the  same  two  parasites. 
The  fourth^  (10.1.09)  is  a  defective  preparation;  the  drawing 
(pi.  9,  fig.  72)  from  it  represents  a  female  Leucoeytozoon  which 
has  rounded  itself  off,  indicating  that  the  blood  was  dried  very 
slowly  m  making  the  film.  The  fifth  (3.1.09)  shows  a  fairly 
abundant  infection  of  Halteridium,  Proteosoma,  and  Leucoeyto- 
zoon. The  sixth  (5.1.09)  shows  abundant  Leucoeytozoon.  The 
seventh  (15.12.08),  finally,  shows  a  very  good  infection  with 
Proteosoma;  there  are  often  several  parasites  in  a  field  of  the 
immersion-lens.  The  parasites  (pi.  8,  figs.  27-32)  are  all  in 
nearly  the  same  stage,  very  young  forms  wliich  have  just  entered 
the  corpuscle  and  begun  their  gro^i;h.  Sometimes  also  free 
groups  of  very  small  forms  are  seen,  probably  clusters  of  mero- 
zoites  derived  from  recent  multiplication  by  schizogony  (fig.  32). 

These  preparations  of  the  guinea-fowl  contain,  therefore,  taken 
altogether,  all  the  types  of  avian  blood-parasites  with  the  excep- 
tion of  trypanosomes.  Wenyon  (1908,  p.  141)  has,  however, 
described  _  trypauosomes  from  the  guinea-fowl  and  has  named 
the  parasite  Trypanosoma  nnmida}.  The  Leucoeytozoon  of  the 
guinea-fowl  has  been  named  by  Balfour  L.  neavei. 

The  occurrence  of  Halteridium  in  this  bird  has  also  been  noted 
by  Wenyon  (I.e.,  p.  150),  but  the  occurrence  of  Proteosoma  has 
not,  so  far  as  I  am  aware  been  recorded ;  this  parasite  is,  how- 
ever, so  common  in  birds  that  there  is  nothing  remarkable  in  its 
occurrence  in  this  instance.  The  Leucocytozoa  mostly  show  the 
nucleus  of  the  host-cell  compact,  not  drawn  out;  as  already 
stated,  the  nucleus  of  the  parasite  is  not  stained.  In  the  Halte- 
ridia  also  the  nucleus  of  the  parasite  is  not  to  be  seen  in  any  of 
those  which  I  have  examined,  and  is  not  figured  in  Lady  Bruce's 
drawings. 

(2)  Bee-eater  {Merops  alhicollis  ?  ?) . — There  are  two  slides 
labelled  "  bee-eater,  15.11.08."  The  smears  contain  trypano- 
somes, Halteridia,  and  filariae. 

The  trypanosomes  are  of  moderate  size  (pi.  9,  figs.  66,  67), 
and  rather  broad  forms  with  the  posterior  extremity  greatly  pro- 
longed, so  that  it  simulates  a  flagellum.  The  trophonucleus  is 
not  far  from  the  kinetonucleus,  and  between  the  two  is  an  appear- 
ance of  a  vacuole  in  some  specimens  (fig.  67).  The  flagellum  is 
faintly  stained  and  very  difficult  to  make  out  even  with  critical 
illumination;  I  am  inclined  to  think  that  it  is  longer  than  is 
shown  in  the  drawing. 

The  Halteridia  (pi.  8,  fig.  33)  show  coarse  pigment-grains,  but 
no  nucleus  distinctly ;  I  have  only  been  able  to  make  out  in  some 
of  them  red  grains,  possiblv  of  the  nature  of  chromatin,  at  the 
ends  of  the  body. 

(3)  Blue  Plantain-eater  (Corytheola  cristata). — There  is  one 
slide  labelled  "  Blue  Plantain-eater,  6.12.08."  The  smear  con- 
tains Halteridia,  trypanosomes,  and.filarise. 

The  Halteridia  (pi.  8,  figs.  34-39)  are  abundant  and  of  a 
distinct  type,  of  even  thickness,  very  slightly  curved,  with  coarse 
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pigment-grams,  and_  witli  red-staining  grains  at  tlie  two  ends 
o±  the  body  m  addition  to  a  more  diffuse  red  patch  which  appar- 
ently represents  the  nucleus  and  is  usually  situated  near  the 
middle  of  the  body. 

The  trypanosomes  (pi.  9,  fig.  68)  are  scanty  and  are  of  a 
stout  fleshy  type  which  has  become  considerably  deformed, 
apparently,  m  the  process  of  drying. 

(4)  Red-crested  Plantain-eater  (Mvsophaga  rossre)  —There  is 
S  n  nt'-'  T?'^^^^^  "  Red-crested  Pkntain-eater!  Kibanga 
S.Il.Ub  Ihe  smear  contains  abundant  Halteridia,  of  quite  a 
different  type  from  those  found  in  the  last  bird  (pi.  8,  fio-s  49-52) 
Ihe  parasites  are  more  or  less  crescent-shaped  with  pointed 
ends,  often  very  much  bent  round  the  nucleus  of  the  corpuscle, 
ihe  pigment-grams  are  not  very  coarse,  and  there  are  no  red- 
stammg  grams  apart  from  the  nucleus  which  appears  as  a  f aintlv- 
stamed  red  patch  generally  at  the  middle  of  the  body,  sometimes 
near  to  one  end. 

(5)  Francolin  {Francolinus  nmilema^  ??)  .—One  slide  is  labelled 
^  Francolm,  15.12.08."    The  corresponding  drawing  is  marked 

trypanosomes,"  but  no  trypanosomes  are  drawn,  only  Halte- 
ridia, Leucocytozoa,  and  filariaj.  The  slide  shows  Halteridia  and 
i^eucocytozoa  fairly  abundantly,  but  I  have  not  found  any  trv- 
panosomes. 

The  Halteridia  (pi.  8,  figs.  53,  54)  are  peculiar  forms,  very 
vacuolated  and  with  large  clumps  of  coarse  pigment-grains  but 
do  not  show  any  signs  of  chromatin  in  this  preparation.  '  The 
body  stams  a  purplish  colour  and  grows  round  the  nucleus  of  the 
host-cell  m  such  a  way  that  its  two  opposite  ends  sometimes  almost 
come  into  contact. 

The  Leucocytozoa  are  large  forms  showing  well-marked  male 
and  female  types  (pi.  9,  fig.  TO).      It  is  not  possible,  however 
to  make  out  their  nucleus  clearly. 

(6)  Black  and  White  Hornhill  (Bycanistes  suhquadratvs)  —A 
slide  labelled  "  Black  and  white  hornbill,  8.11.08,"  shows  fairly 
numerous  trypanosomes  (pi.  9,  fig.  69).  They  are  of  stout 
type,  with  the  distinct  kmetonucleus  placed  close  to  the  pointed 
posterior  end  of  the  body ;  the  trophonucleus  and  the  flagelhim 
are  very  faintly  stained  and  difficult  to  make  out  clearly.  They 
are  probably  deformed  to  some  extent  by  the  process  of  drying. 

(7)  Collar  -  dove  {Turtur  semitorquata) .  —  A  slide  labelled 
''  Collar-dove,  4.1.09,"  shows  a  scanty  infection  of  Leucocytozoa 
(pi.  9,  fig.  71).  The  parasite  has  the  typical  form  and  appear- 
ance. The  nucleus  of  the  host-cell  is  deeply  stained  and  compact, 
but  that  of  the  parasite  is  indistinct;  the  cytoplasm  of  the  para- 
site is  very  vacuolated. 

(8)  Comical  {Centropus  supercilioms?). — There  are  two  slides  of 
the  coucal,  labelled  respectively  8.11.08  and  27.11.08.  Both 
slides  show  a  distinct  type  of "  Halteridium  fairly  abundantly 
(pl.  8,  figs.  55-60).  The  body  of  the  parasite  is  stout  and  pale 
m  colour.    The  pigment-grains  are  few  in  number  but  very  coarse. 
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The  micleiis  is  represented  by  a  faint  red  patch  varying  greatly 
both  in  shape  and  position,  being  sometimes  central,  sometimes 
terminal. _  Double  infections  of  the  corpuscles  are  frequent,  and 
the  parasites  are  seen  in  various  stages  of  growth. 

(9)  I  his  (Ibis  a^fhiopica?).~A  slide  labelled  "Ibis, 
1.12.08,"  shows  an  abundant  infection  of  most  peculiar 
Halteridia  (pi.  8,  figs.  40-48).  The  bodies  of  the  para- 
sites are  very  irregular  in  form,  often  with  peculiar  pro- 
cesses resembling  pseudopodia ;  occasionally,  however,  a  compact 
sausage-like  form  (fig.  47)  is  found,  perhaps  representing 
a  full-grown  ripe  gametocyte.  The  pigment-grains  are  fine 
and  distributed  for  the  most  part  in  clumps  at  the  surface 
of  the  body;  the  nucleus  appears  to  be  represented  also  by  red- 
stained  streaks  and  patches  which  are  placed  at  the  surface  of 
the  body.  The  parasites  are  in  all  stages  of  growth,  and  in  one 
case  I  have  found  what  I  believe  to  be  a  young  Halteridium  in 
the  apt  of  invading  a  corpuscle  (fig.  48) ;  it  is  very  difficult  to  be 
certain  that  this  is  not  simply  an  artefact,  a  deposit  or  precipi- 
tate of  the  stain  or  the  like,  and  I  give  the  figure  for  what  it  is 
worth,  but  I  believe  that  it  really  does  represent  a  very  young- 
parasite. 

(10)  Egyptian  Goose  (Chenalope.v  a'ffyptiaca). — One  slide 
labelled  "  Egyptian  goose,  25.1.09,"  shows  a  fairly  rich  infection 
of  Leucocytozoa.  The  preparation  is  somewhat  defective  and  the 
blood  is  largely  coagulated,  having  apparently  dried  too  slowly; 
in  consequence  many  of  the  Leucocytozoa  have  rounded  them- 
selves off  and  present  appearances  similar  to  that  shown  in  fig.  72, 
pi.  9. 

II.  General  Rem.veks. 

The  following  is  a  list  of  the  various  types  of  blood-parnsites 
represented  in  this  collection,  with  their  hosts:- — 

Hcemo  gregarines . 

Snake  (pi.  7,  figs.  1-4). 
Tortoise  (pi.  7,  figs.  5-14). 
Crocodile  (pi.  7,  figs.  15-19). 

Hoemocystidia. 
Lizard  (pi.  7,  figs.  20-23). 

Halteridia. 

Guinea-fowl  (pi.  8,  figs.  24-26). 

Bee-eater  (pi.  8,  fig.  33). 

Blue  Plaintain-eater  (pi.  8,  figs.  34-39). 

lied-crested  Plantain-eater  (pi.  8,  figs.  49-52). 

rrancolin  (pi.  8,  figs.  53,  54). 

Coufnl  (pi.  8,  figs.  55-00). 

Ibis  (pi.  8,  figs.  40-48). 
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ProteosoTnata. 
Guinea-fowl  (pi.  8,  figs.  25  and  27-32). 

Leucocytozoa. 
Guinea-fowl  (pi.  9,  fig.  72). 
l^rancolin  (pi.  9,  fig.  70) 
Collar-dove  (pi.  9,  fig.  71) 
■Egyptian  Goose. 

Trypanosomes. 

Small  Toad  (pi.  9,  figs.  61-64). 
Tortoise  (pi.  9,  fig.  65). 
Bee-eater  (pi.  9,  figs.  66,  67). 
Blue  Plantain-eater  (pi.  9,  fig.  68). 
lirancolin  (.?).  o  / 

Black  and  White  HornbiU  (pi.  9,  fig.  69). 

Filarice. 

ijee-eater. 

Blue  Plantain-eater. 
Prancolin. 


.pedal  tlt-r'"  toia^r'S'  '>^%Halteridia  deserve 

ax^.Sfr ^^^^ 

such  as  H  nZuc^'  H  }ll     f  T  ^^^^  ^P^"^l  ^^^e., 

rather  on  the  unsafe  i^ounr^^^^  ^'""-^  f°  then 

any  dil¥ere7ce  T  flf ,     ^.^^^^^'^^^^      ^^^bitat,  than  from 

fio-s  91  il\       1   :  ,         ^^""^^^  ^^^0  specimens  (I.e.,  pi.  fill 
ii«s.       22),  and  states  that  it  occurs  in  various  birrk     .V-lt  r  ' 
the  common  sparrow  of  the  Sudan  and  tl  rGu ine^.'  fow  f 
orm  figured  by  Wenyon  appears  very  similax  to   Sat  occi  nin  ' 
m  t]ie  Guinea-fowl  m  this  collection  (pi,  8,  fig.  24)  I 

Crteata'S  "^^^"-^^^  ^^-^^  ™e:SC' 
Burton  C]eLnd^aS'M?T'"^     the  press  I  have  received  a  memoir  by  Dr.  J 

each  Pnl  1        P^^asites  in  each  species  of  bird,  and  the  Halteridi'i  •>rp  J  ,1,  • 

natr//;^^^^^  ^^"T/  gonoHc  r.at;rtf.e  hosT 

J-,  Il.plulemon,  If.  (jeonrhlae,  and  //.  wje^/or/z/s,  resnectivelv 

15477  ^' 

F  2 


84 


As  a  glance  at  plate  8  will  show,  the  Halteridia  of  different 
species  of  birds  show  differences  much  too  striking  to  be  explained 
as  due  to  dift'erences  of  technique  and  preparation,  on  the  one  hand, 
or,  on  the  other  hand,  to  the  modifying  inflxxence  of  a  different 
host  on  the  same  species  of  parasite.  The  Halteridia  differ,  as  can 
be  seen,  in  form,  size,  and  structxiral  features  such  as  characters  of 
the  cytoplasm,  distribution  of  the  melanin-pigment  and  of  the 
chromatin,  &c.,  making  all  due  allowance  for  differences  of  age 
and  sex  in  the  Halteridia  themselves.  I  think  there  can  be  no 
doubt  that  in  the  future  it  will  become  necessary'  to  recognize 
distinct  species  of  Halteridia  characterized  by  definite  structural 
peculiarities,  and  not  by  their  habitat,  since  the  same  species  may 
often  occur,  probably,  as  Wenyon  supposes,  in  several  species  of 
birds. 

A  remarkable  feature  of  these  different  Halteridia  is  the  great 
variation  seen  in  their  nuclei.  The  nucleus  of  this  type  of 
parasite  stains  as  a  rule  very  feebly,  and  many  of  the  prepara- 
tions show  none  at  all ;  in  other  cases  the  nucleus  is  visible  as  a 
pale  pink  or  reddish  patch,  showing  great  differences  in  size, 
position,  and  appearance.  Differences  in  size  are  probably 
sexual,  when  they  occur  in  the  same  species ;  some  of  the  appear- 
ances exhibited,  however,  are  very  peculiar,  especially  those  pre- 
sented by  the  Halteridia  of  the  Ibis  (pi.  8,  figs.  40-48),  where 
the  nucleus  appears  to  be  represented  by  a  small  flattened  red 
patch  at  the  surface  of  the  body.  Unfortunately  the  Roman- 
owsky  stain  is  exceedingly  misleading  for  nuclear  structure, 
and  it  would  not  be  safe  to  draw  any  conclusions  from 
it.  In  the  case  of  the  Halteridium  of  the  Little  Owl 
(Athene  noctua),  preparations  made  by  Woodcock  and  myself  at 
Rovigno  and  stained  by  approved  nuclear  methods,  such  as 
Heidenhain's  hfematoxylin,  show  the  nucleus  simply  as  a  round 
vesicle  with  a  karyosome,  just  as  in  a  trypanosome;  few  things 
are  more  remarkable  or  disconcerting  than  the  discrepancy 
between  the  results  given  by  the  Romanowsky  method  and  other 
stains. 

There  is,  however,  one  point  to  which  I  may  draw  attention. 
A  striking  feature  of  the  Halteridium  of  the  Blue  Plantain-eater 
(pi.  8,  figs.  34-39)  is  the  presence  of  numerous  red-stained  grains 
at  the  two  ends  of  the  body,  in  addition  to  a  red  patch  which 
probably  represents  the  nucleus.  The  grains  occur  very 
abundantly  in  a  young  individual,  and  I  have  some  doubt  as  to 
whether  they  are  of  the  nature  of  chromatin ;  the  mere  fact  that 
they  stain  red  by  the  Romanowsky  method  is  no  proof  that  they 
are  truly  chromatin.  But  the  occurrence,  of  these  red-staining 
grains  at  the  two  ends  of  the  body  may  perhaps  explain  a  very 
puzzling  fact  in  the  literature  of  Halteridium.  Labbe  (1894) 
stated  that  Halteridium  reproduced  itself  by  a  process  of  sporxi- 
lation  at  the  two  ends  of  the  body;  he  gave  figures  of  Halteridia 
with  small  nuclei  at  the  two  ends  of  the  body,  and  of  a  process 
of  segmentation  into  merozoites  in  this  region.  No  one  has 
ever  yet  confirmed  this  observation  or  been  able  to  see  anything 
like  it.  It  seems  to  me  possible  that  what  Labbe  mistook  for 
small  nuclei  at  the  ends  of  tlie  body  may  liave  been  red-staining 
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grains  siicli  as  those  wbicli  are  present  in  the  parasite  of  the  Blue 
i  lautaiu-eater.    I  may  meution  tliat  I  have  also  seen  similar 
appearances  in  Halteridia  of  the  Blue  Jay  of  the  Sudan  in  a 
preparation  made  by  Mc^jor  Dansey  Browning,  R.A.M.C. 
Lister  Institute, 

26th  November,  1909. 
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DESCRIPTION  OF  THE  PLATES. 

drfwn'iwM'-^%K '.^^-i^'  ^1-^^'  ^0-53.  56-65,  and  68  are 

drawn  by  Miss;  Rhodes  at  a  magnification  of  2,000  linear.  The  remaining  fisurea 
are  drawn  by  Lady  Bruce  at  a  magnification  of  about  1,650  linear  (see  p  74). 

Plate  7. 

Figs.  1-4.— Haemogregarine  of  a  snake  (p.  77). 
Figs.  5-14.— Haemogregarines  of  a  tortoise  (p.  77). 
Figs.  15-19. — Haemogregarines  of  a  crocodile  (p.  78). 
Figs.  20-23.— Haemocystidia  of  a  lizard  (p.  76). 


Plate  8. 

Figs.  24-26.-From  blood  of  "  guinea-fowl,  3.1.09  "  (p.  79)  ;  24,  a  halteridium  • 
'io,  a  proteosoma  (or  a  halteridium  rounding  itself  off  ?)  ;  26,  a  halteridium  (or 
a  proteosoma  ?)  which  has  escaped  from  the  corpuscle  and  rounded  itself  off 

Figs.  27-32.— From  blood  of  "guinea-fowl,  15.12.08"  (p.  80)  Various 
stages  of  Proteosoma.  27,  very  young  form;  28-30,  older  intra-corpuscular 
torms  ;  31,  schizogony  ?  ;  32,  free  cluster  of  merozoites. 

Fig.  33. — Halteridium  of  bee-eater  (p.  80). 

Figs.  34-39.— Halteridia  of  blue  plantain-eater  (p.  80). 

Figs.  40-48.— Halteridia  of  ibis  (p.  82). 

Figs.  49-52. — Halteridia  of  red-crested  plantain-eater  (p.  81) 

Figs.  53,  54.— Halteridia  of  f rancolin  (p.  81). 

Figs.  55-60.— Halteridia  of  coucal  (p.  81). 
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Plate  9. 

Figs.  61-64.— Trypauosomes  of  small  toad  (p.  74).  61,  large  form.  The 
striations  are  only  figured  on  one  surface  of  the  body,  since  it  would  have  con- 
fused the  drawing  had  those  of  both  surfaces  been  drawn,  owing  to  their  being 
nearly  parallel  on  the  two  surfaces.  62,  large  form.  The  striations  are  figured 
on  both  surfaces,  in  order  to  show  the  manner  in  which  they  cross  each  other, 
owing  to  the  twisting  of  the  body.  (13,  a  portion  of  the  body  of  a  large  form 
showing  a  small  quantity  of  stain  in  the  nucleus.  64,  small  form  of  trypanosome. 

Fig.  65. — TryiDanosome  of  tortoise  (p.  78). 

Figs.  66,  67.— Trypauosomes  of  bee-eater  (p.  80). 

Fig.  68. — Trypanosome  of  blue  plantain-eater  (p.  81) 

Fig.  69. — Trypanosome  of  black  and  white  hornbill  (p.  81). 

Fig.  70. — Leucocytozoon  of  francolin,  male  type  (p.  SI). 

Fig.  71. — Leucocytozoon  of  collar-dove,  female  type  (p.  81). 

Fig.  72. — Leucocytozoon  of  "guinea-fowl,  10.1.09  "  (p.  80),  female ty^je  which 
is  in  the  act  of  rounding  itself  off. 


39.    AMAKEBE :  A  DISEASE  OE  CALVES  IN  UGANDA. 

By  Colonel  Sir  David  Bruce,  C.B.,  E.R.S.,  Army  Medical 
Service;  Captains  A.  E.  Hamerton,  D.S.O.,  and  H,  R.  Bate- 
MAK,  Royal  Army  Medical  Corps  ;  and  Captain  E.  P.  Mackie, 
Indian  Medical  Service.  Sleeping  Sickness  Commission  of 
the  Royal  Society,  1908—09. 

(Received  December  18,  1909  —Read  January  20,  1910.) 

[Plate  10.] 
Introductory. 

Amakebe  is  tbe  most  important  disease  of  cattle  in  Uganda. 
It  attacks  the  calves  soon  after  tbey  are  born,  and  destroys  more 
tban  half  of  them.  Among  the  native  cattle  the  loss  is  reported 
to  be  as  much  as  75  per  cent.,  but,  with  careful  nursing  and 
hand-feeding,  this  mortality  may  be  reduced  to  between  20  and 
30  per  cent.  This  is  an  enormous  toll  to  pay,  and  renders  the 
breeding  of  cattle  in  Uganda  for  dairy  purposes,  or,  indeed,  for 
any  purpose,  very  up-hill  work. 

Little  up  to  the  present  has  been  written  as  to  the  nature  and 
causation  of  amakebe.  It  has  been  described  as  a  trypanosome 
disease,  but  this  evidently  on  insufficient  knowledge. 

Distribution  in  Uganda. 

Amakebe  appears  to  occur  all  over  the  Kingdoms  of  Uganda, 
Unyoro,  Ankole,  and  Busoga.  Lieutenant  A.  D.  Eraser,  Royal 
Array  Medical  Corps,  the  medical  officer  lately  in  charge  of  the 
Sleeping  Sickness  Camp,  Sesse,  reports,  however,  the  curious  fact 
that  it  does  not  occur  among  the  cattle  on  the  Sesse  Islands. 
Mr.  C.  W.  Hattersley  also  informs  the  Commission  that  cows 
brought  to  Mengo  from  Ankole  invariably  contract  the  disease, 
which  would  go  to  show  that  in  some  parts  of  Ankole  the  disease 
does  not  occur.  Mr.  R.  J.  Stordy,  the  chief  veterinary  officer, 
British  East  Africa,  states  that  amakebe  is  found  at  every  alti- 
tude in  that  Protectorate.     Dr.  A.  Theiler,  C.M.G.,  the  chief 
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vekrmary  Lacteriolog-ist,  Transvaa],  wlio  lately  visited  Uganda, 
writes  tliat  Dr  Licliteiifeld,  tlie  principal  veterinary  officer, 
Crernian  Ji^ist  Africa,  told  liim  that  a  disease  similar  to  amakebe 
exists  m  iluanda,  on  the  western  shores  of  Victoria  Nyanza  and 
adjoining  Aiikole. 

n  ^\  H  A?'?^'^^'  ^^^^  disease  is  widely  prevalent  in 

Central  Airica,  and  most  disastrous  in  its  effects. 

Nomenclature. 

In  Uganda  the  disease  is  known  as  kebe,  makebe,  or  amakebe, 
and  means  calves'  swollen  glands,  or  mumps.  At  Ngora,  to  the 
west  of  Mount  Elgon,  the  natives  call  the  disease  angarwe.  In 
Unyoro,  niasugu.    In  Ankole,  amashuyu  or  amashui. 

Sympto'ias. 

The  chief  symptom  of  this  disease  is  the  swelling  of  the  lym- 
phatic glands,  especially  those  in  the  region  of  the  ear,  in  front 
of  the  shoulder,  and  in  front  of  the  hip.  The  glands  frequently 
reach  a  large  size,  those  in  front  of  the  shoulder  often  being 
three  or  four  inches  in  length.  They  are  soft  to  the  touch,  giving 
the  impression  of  an  elastic  body  under  the  skin.  The  hair  is 
rough  and  staring,  the  head  hangs,  the  ears  droop,  and  there  is 
frequently  a  watery  discharge  from  the  eyes  and  nose.  During 
the  illness  the  temperature  runs  high,  often  reaching  107°  F.  or 
more.  The  calf  becomes  rapidly  emaciated,  and  often  a  dry 
scabby  eruption  of  the  skin  is  seen.  Diarrhoea  is  frequent,  and 
the  dung  is  often  dark  in  colour,  with  an  evil  odour.  The  urine 
never  shoAvs  anj-  truce  of  blood,  as  in  redwater. 

The  duration  of  the  disease  is  usually  about  a  fortnight,  but 
sometimes  the  calves  get  over  it  in  three  or  four  days.  The  fever 
goes,  they  pick  up  condition,  and  the  swelling  of  the  glands 
subsides.  The  glands,  however,  never  regain  their  normal  size, 
but  remain  permanently  enlarged  throughout  life. 

When  a  calf  has  recovered  from  amakebe  it  is  no  longer  sus- 
ceptible to  the  disease.    It  is  immune  for  the  rest  of  its  life. 

The  following  cases  illustrate  the  course  of  the  disease  :  — 

Experiment  1,387. 
To  study  Amakebe  in  the  Calf. 

July  26,  1909. — Animal  received  from  Sir  Apolo  Kagwa, 
K.C.M.G.,  Kampala. 

July  29. — The  prescapular  glands  are  the  size  of  a  walnut. 
The  calf  looks  fairly  well,  is  thin,  and  hair  slightly  rough. 

Aug.  2. — The  lymphatic  glands  are  much  more  enlarged.  The 
prescapular  glands  measure  3|  by  2  inches. 

Aug.  12. — This  calf  is  now  looking  very  sick.  ConjuiictiA'-al 
mucous  membrane  congested.  The  hair  is  falling  off  in  patches, 
leaving  a  rough,  scabby  surface.  Diarrhoea. 

Aug.  14. — Discharge  from  eyea  and  nose.  Diarrho'a. 

Aug.  26. — This  calf  got  steadily  worse,  and  died  at  11.30  a.m. 
to-day. 
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The  following  cliart  i-epresents  tlie  course  of  tlie  temperature  :  — 


Chart  1. — Experiment  1,387. 


The  Temperature  Curve  in  a  severe  Case  of 
Amakebe. 


Aug.  26,  1909. — Fost-mortein  immediately  after  deatli. 
External  Appearances. — Tlie  body  is  emaciated.  Rigor  mortis 
absent.  The  hair  is  staring  and  has  a  ragged  appearance.  There 
are  many  patches  of  eruption  on  the  surface  of  the  body,  especially 
on  the  face  and  head.  These  eruptions  are,  as  a  rule,  about  the 
size  of  half-a-crown  and  resemble  limpet-shells. 

Internal  Appearances. — On  removing  the  skin,  the  flesh  is  seen 
to  be  pale  in  colour.  On  opening  into  the  abdomen  the  spleen  is 
seen  to  be  enlarged.  The  surface  of  the  stomach  and  intestines  is 
exceedingly  pale  and  yellowish.  There  is  no  fluid  in  the  peri- 
toneal cavity.  On  opening  into  the  thorax  no  fluid  is  found  in 
either  pleural  cavity.  There  is  about  a  tablespoonful  of  bright, 
chrome-coloured,  clear  fluid  in  the  pericardiiim.  The  anterior 
mediastinum  contains  a  quantity  of  bright  yellow,  jelly-like 
material.    The  serous  membranes  are  shining  and  smooth. 

Lymphatic  Glands. — The  lumbar  chain  of  glands  are  enlarged, 
some  of  them  being  the  size  of  a  small  walnut.  These  enlarged 
glands  on  being  cut  into  are  found  to  be  very  (Edematous,  but' not 
heemorrhagic.  The  prescapular  glands  are  mxich  enlarged,  being 
8  cm.  (3 J  inches)  in  length. 

Circulatory  System. — Heart. — The  fat  of  the  auriculo-ventricu- 
lar  groove  is  infiltrated  with  gelatinous  material,  which  is  bright 
yellow  in  colour.  There  are  no  petechias  under  the  epicardium. 
On  opening  into  the  left  ventricle  many  minute  petechise  are  seen 
under  the  endocardium.  The  colour  of  the  aorta  is  bright  yellow. 
The  substance  of  the  heart  is  pale  in  colour  and  flabby  to  the 
touch.    Weighs  125  grammes  (4^  ounces). 

Respiratory  System. — Left  lung  is  purplish  in  colour,  with  a 
dark  purple  patch  in  the  anterior  lobe  about  the  size  of  half-a- 
crown.  Thi's,  on  being  cut  into,  shows  haemorrhagic  infarction. 
On  section  the  left  lung  appears  to  be  fairly  healthy.  Weighs 
210  grammes  (7^  ounces).  Right  Lung. — Anterior  lobe  and  part 
of  the  middle  lobe  are  purplish-red  in  colour  and  solid.  The 
anterior  lobe  sinks  in  water.  The  surface  is  purplish-red  in 
colour,  and  across  the  siirface  is  a  network  of  yellow-coloured, 
clear,  jelly-like  strands,  resembling  the  lung  in  a  case  of  horse- 
siclmess.  The  strands  in  some  places  are  \  inch  wide.  On 
section  the  substance  is  seen  to  be  hepatised  and  dark  purple  in 
colour,  and  across  the  cut  section  the  same  network  of  yellow, 
gelatinous-like  material  is  seen.    The  posterior  lobe  is  pale  in 
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colour,  aucl  on  sectioxi  appears  fairly  normal.  Weighs  345 
grammes  (12^  ounces).  wei^ub  o'±o 

9  ttZo7  .^,^'9'?-'^^?^'"'  i%»l«'-ge<l.  29  cm.  iu  length, 
J  cm.  bioad,  imd  2  5  cm.  m  tliiciness  (Il''+ 3*'+ 1")  Caosi.l^ 

br  °i  t  w  „w         1  grammes  (Sf  ounces).    i'«cr  is 

secSTlfp  '^^^f^'^i-^-f  .  ^^"Z'^«2/-Capsule  strips  readily.  On 

^'"'ir  '''''  ^^itl^  dilated  vessels. 

condition  to  tfeTr'%^^-?T.^^^  -  -  «i^ilar 

condition  to  tiie  left.    Weiglis  95  grammes  (3i  ounces). 

Experiment  1,634. 
To  study  Amakebe  in  the  Calf, 
n  ^^fk^'o'^^^-r~;^^'''        ™  ^'-^^Sht  to  Mpumu  from  Eome 

Sent  94-~p'f        Kampala,  m  order  to  become  infected, 
^ept.  -<;4.— Returned  from  Kampala. 

r^'^!'  f     I^y^^Pliatic  glands  much  enlarged. 
Oct.  18. — Died. 

The  following  chart  represents  the  course  of  the  disease:  — 


Chart  2.— Experiment  1,634.    Temperature  Curve  in  a  severe  and  fatal 

Case  of  Amakebe. 

Oct.  18,  1909. — Post-mortem  immediately  after  death. 

External  AjjjJeamnces. — Animal  about  one  year  old.  Pre- 
aiiricular,  prescapular,  and  precrural  glands  are  mucb  enlarged, 
l^he  prescapular  glands  measure  3  inches  in  length  and  11  inches 
in  breadth.  On  secition  tlie  glandular  tissue  is  oedemato"^iis  and, 
m  some  places,  litemorrhagic. 

Internal  Appearances. — On  opening  into  the  peritoneal  cavity 
about  a  gallon  of  clear,  amber-coloured  fluid  is  found.  There  is 
a  large  quantity  of  yellow,  gelatinous  infiltration  into  the 
omentum.  The  serous  membrane  of  the  omentum  is  markedly 
hsemorrhagic,  being  covered  with  small  petechiaB.  The  small 
intestine  is  dark  crimson  in  colour  and  intensely  congested.  The 
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wliole  of  tlie  peritoneal  aspect  of  tlie  diapliragm  is  covered  witli 
small  litemorrltages.  On  renioviiio'  tlie  sternum  a  quantity  of 
yellow,  gelatinous  material  is  found  in  the  mediastinum.  About 
2  ounces  of  the  same  clear,  amber-coloured  fluid  are  seen  in  the 
pleural  cavity.  The  pericardium  contains  a  small  quantity  of 
clear,  straw-coloured  serum . 

Circulatory  System. — Heart.~k  quantity  of  yellpw,  gelatinous 
material  is  seen  at  the  base.  Many  small  petechia  both  inside 
and  outside  the  heart. 

Respiratory  System.— ±V  quantity  of  white  frothy  fluid  exuded 
from  the  nose  during  the  last  hours  of  life.  On  opening  into  the 
trachea,  however,  it  is  now  found  to  be  empty.  The  left  lung  is 
partially  collapsed  and  is  dark  purple  in  colour.  On  section  the 
organ  is  dark  crimson  in  colour  and  intensely  congested.  It  is, 
in'places,  solid  in  consistence  and  a  portion  placed  in  water  sinks. 
On  pressure  a  white,  frothy  fluid  exudes.  Right  lung  is.  pale  m 
colour,  and  there  are  numerous  hiemorrhages  into  the  serous 
membrane.  On  section  it  is  found  to  be  congested.  No  part  of 
the  lung  sinks  in  water. 

Alinieniary  System.— Sj^leen  is  enlarged.  Measures  14  inches 
in  length  and  4^^  inches  in  breadth.  Numerous  petechia!  into  the 
capsule.  On  se''ction  the  substance  is  dark  in  colour,  soft,  and 
friable  AVeighs  480  grammes  (IT  ounces).  Liver  is  enlarged. 
On  section  is  seen  to  be  congested.  Gall-bladder  is  distended 
with  dark,  olive-green-coloured  bile.    Weighs  3  lbs.  10  ozs. 

Fourth  Stomach.— Is  reddened,  and  there  are  numerous  small 
ulcers  in  the  serous  membrane. 

Urinary  System.  -  Right  X^VZ/^ey.  —  Capsule  strips  readily. 
There  are  numerous  petechia?  into  the  capsule,  burtace  ot  tne 
organ  is  injected.  On  section  the  kidney  is  seen  to  be  congested, 
with  many  hc^morrhages  into  the  substance.  Left  hdney  is  m  a 
similar  condition  to  the  right. 

Experiment  1,636. 
To  study  Amakebe  in  the  Calf. 
Sept.  4,  1909.— From  Kome.     Same  history  as  Experiment 
1,634.    Great  enlargement  of  lymphatic  glands. 
Oct.  12.— Died. 

The  following  chart  represents  the  course  of  the  disease:  — 


Chart  3.— Experiment  1,636.    The  Temperature  Curve  in  a  severe  and 

fatal  Case  of  Amakebe. 


91 


^'Jl  f  /  ^^'^^—^^'i-'^^ortem  two  hours  after  death 
nof  12  ^  a^ErXn"^'"         ''''  ^^^^  ^  -^--^  the 

0„i^2™?";*,^^'T  •''■f  glands  are  enlarged. 

pxirple  m  colour  ami  is  found  to  be  thAat  of  a  lar^e  nffrct 
Posterior  lobe  is  also  the  seat  of  an  infarct  at  the  margin 

luno^fp     ^  """f  "'  '^-tion  the  subs  ance  of  the 

luno  IS  extremely  oedematous.  A  large  amount  of  frothy  fluid 
exiKi.es  on  pressure.  Weighs  2  lbs.  10  ozs.  Left  Inn^TlhoU^ 
seat  of  numerous  infar.-ts.  On  section  a  large  amount  of  fi?)thT 
fluid  exudes  on  pressure.    AVeighs  1  lb.  6  ozs  ^ 

AUmentarjj  .System. Spleen  measures  13  inches  in  length  and 
4  inches  in  breadth.    On  section  the  substance  is  soft  and  ft-kble 

JjhU  n  r  /^T;  It  is  full  of  flukes  The 

gall-bladder  IS    distended   with  dark,  chocolate-coloured  bile 
which  contains  many  flukes.    Weighs  8  lbs.  5  ozs. 
_  I' oiorthMomach.—The  mucous  membrane  of  the  fourth  stomach 
IS  congested.    It  is  dark  crimson  in  colour,  and  numerous  Si 
ulcers  are  seen  scattered  throughout. 

TlrSlff^  -  Capsule  strips  readily, 

unaer  the  capsule  numerous  infarcts  are  seen,  about  the  size  of 
a  pea       Un  section  the  substance  of  the  organ  is  congested 
Weighs  8  ounces.     Left  ^.V/..y.-Capsule  strips  readil^.  In 

materi.7'     TT   f  ?  jelly-like 

material  Under  the  capsule  there  are  also  several  small  in- 
larcts.  Une  of  these  is  as  large  as  a  small  marble.  On  section 
tne  substance  of  the  kidney  is  seen  to  be  congested.  Weighs 
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Experiment  1,38G. 
To  study  Amakebe  in  tlie  Calf. 

July  26,  1909. — Eeoeived  from  Sir  Apolo  Kagwa.  Had  also 
been  kraaled  at  Kampala  for  some  days. 

Au"-.  27.  Tbe  course  of  tbe  disease  was  mucb  the  same  as  in 

Experiment  1,387.  The  prescapular  and  other  glands  became 
]uuch  enlarged,  one  of  them  measuring  4  inches  in  leng-th.  By  this 
date  tlie  calf  had  recovered,  and  was  returned  to  owner. 

The  following  chart  represents  the  course  of  the  tempera- 
ture :  — 


ilultj  iMH  Auz. 

Z7 

28 

SO 

Z 

5 

6 

7 

a 

3 

10  1 

1  IZ 

15 

Ii\l6 

17 

IB 

19 

Zl 

ZZ 

Zi\Z4\l5\Z6 

xot" 

106° 

105° 

104° 

1 

\ 

A 

f 

/ 

/ 

^, 

t 

f 

\ 

\ 

f 

t 

103° 
102° 

/ 

/ 

t 

t 

i 

T 

ioi° 
ioo° 

93° 

Chart  4. -Experiment  1,386.   The  Temperature  Chart  in  a  Case  of  Amakebe 

ending  in  Recovery. 

Experiment  1,635. 
To  study  Amakebe  in  the  Calf. 
The  following  chart  represents  the  course  of  the  tempera- 
ture :  — 


Chart  5  -Experiment  1,635.   The  Temperature  Chart  In  a  Case  of  Amakebe 

ending  Fatally. 

From  these  foregoing  cases  and  the  yost-imrtem  examinations, 
it  wil  b  s  en  th^  amakebe  is  an  acute  disease  of  ca  ves  and 
iLt  tbe  main  features  of  the 

an^Bmia,  petechi^B  of  serous  membranes,  nihltiation  ot  O^^^J^ 
material  into  omentum,  anterior  n^^^Jf  «tuuim  ^^^^^  /j^^^^^^;: 
&c.,  cBdema  of  lungs,  welling  and  «ofte^.^"8'  °J  'P^nimTtrmes 
rhagic  infarcts  into  lungs,  spleen  and  kidnejs,  and  sometimes 
ulceration  of  the  mucous  membrane  of  the  stomach. 
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PiropU,rns  „„ally  Found  in  the  Blood  of  V .janda  Cattle. 

ve  y 'saall  SeS     One  o??1  a'""^''  i» 

Pv,."!^-,,?        ^^^uers.    une  o±  these  can  readily  be  recoo-ni«p,l  t, 

and  apDear  i-T,  +V.  1 1    'T'^     i*^'  ^^''^''^  parasites  are  inoculable, 

TWnli^^"'"  °^  conuection  witli  amakebe? 

iJie  tolJowmg  experiments  go  to  show  that  they  have  not :  - 

Experiment  556. 
To  ascertain  the  eifect  on  a  Susceptible  Calf  of  the  Injection  of 

February 22iid,1909.-Tliis  c.iU  was  born  last  night.  To-davthe 
sm  ar'd^tf  "-"^-P-Wng,  and  t1.en  c3?: 

February  26tl,. -Injected  this  caH  with  5  o.e,  blood  from  calf 
The  following  chart  gives  the  result  :  — 


CiiAKT  6.— Experiment  556  represents  the  Temperature  Curve  of  a  Calf  which 
has  been  Injected  with  Blood  containing  the  Small  Rod  and  Ring-shaped 
riroplasm.  The  minus  and  phm  signs  show  the  absence  or  presence  of  the 
small  rod  and  ring-shaped  piroplasm  in  the  blood. 
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Remarks. — Twenty-four  days  after  tlie  injection  of  tlie  blood 
containing  tlie  small  piroplasm,  tlie  same  rod  and  ring  forms 
appeared  in  tlie  blood.  The  temperature  curve  hardly  shows  any 
response  to  tbe  invasion  of  tlie  parasite,  and  tlie  calf  shows  no 
signs  of  illness.  It  is  evident,  then,  that  the  injection  of  blood 
containing  this  small  piroplasm  gives  rise  to  no  symptoms  like 
those  seen  in  amakebe. 

In  the  same  way  the  injection  of  blood  containing  Piroplasma 
higenninum  is  followed,  after  some  days,  by  the  appearance  of  this 
parasite. 

Experiment  1,901. 

To  ascertain  if  the  Injection  of  Blood  containing  Piroplasma 
higemimim.  will  give  rise  to  Symptoms  of  Amakebe. 

August  20th,  1909. — Injected  2  c.c.  blood  containing  Piro- 
plasma higdninum  into  this  calf. 

The  following  chart  gives  the  temperature  curve  :  — 
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CiiAKT  7.-  Experiment  1 ,901  represents  the  Temperature  Curve  of  a  Calf  which 
has  been  Injected  with  Blood  containing  Piroplasma  Ugeminuin.  The  plus 
and  7niiius  signs  show  the  presence  or  absence  of  Pirojilasma  higeminuin  in 
the  blood. 

Remark'i.—Si^  days  after  the  injection  of  blood  containing  the 
Piroplasma  higeviin  uvi,  this  parasite  appeared  in  the  blood.  The 
temperature  curve  is  not  affected,  nor  does  the  calf  appear  ill. 
It  may,  therefore,  be  concluded  that  amakebe  is  not  caused  by  the 
injection  of  blood  containing  either  Piroplasm,a  higeminuin  or  the 
small  rod  and  ring  form. 

It  is  well  known  that  Piroplasma  higemdnvm  is  carried  from 
affected  to  susceptible  animals  by  different  varieties  of  the  blue 
tick,  as  well  as  other  species  of  ticks.  It  would  seem  that  the 
small  rod  and  ring  form  of  piroplasm  is  carried  by  the  brown  tick, 
as  the  following  two  experiments  will  show. 

Experiment  747. 

To  ascertain  if  Brown  Nymphs  which  had  fed  as  larva?  on  an 
Animal  whose  blood"  contained  the  Small  Rod  and  Ring 
Forms,  are  capable  of  carrying  them  to  a  Susceptible  Animal, 
and  if  the  disease  so  set  up  will  have  the  Symptoms  of 
Amakebe. 

June  24th,  1909.— This  calf,  like  the  others,  has  been  brought  up 
in  a  tick-free  sbed.      It  lias  been  under  observation  since 
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ifsTlooV'^Tnt  '^''T'^  '''^  '^"^'-'ll        ''^^d  ring  forms  in 
Jnni^^^^  t.e  ..all 

The  followxng  chart  sho.-s  the  coxxrse  of  the  temperature  :  - 


'ni^riSe^oIf  ^^^^^^^^^  of  a  Calf  upon 

sW  the  absence  or  p.eLn^ee  o/Mt,  ^  rrpi?;^S^S 

wefrflT^''-"7i^^^^'''Y/j'  ^»fter  the  infected  broM^n  nymphs 

amSe  °*  "y-'Pl"''  <'°  -">*         rise  to 

Experiment  659. 

To  ascertain  if  Adult  Brown  Ticks  which  had  Fed  as  Nymphs  on 
an  Ammal  whose  Blood  contained  the  Small  Eod  S  Ein^ 
Forms  are  capable  of  carrying  them  to  a  Susceptible  Animal 
and  setting  up  the  Symptoms  of  Amakebe. 

August  23rd  .1909.-This  calf  was  born  on  April  4th  in  a  tich 
free  shed.    It  has  been  examined  almost  daily  since  that  ^ate  and 
up  0  the  present  has  shown  no  parasites  of  any  kind  in  it  blood 
To-day  a  large  number  of  adult  brown  ticks  were  placed  on  this 

The  following  chart  shows  the  course  of  the  temperature  :  — 


CfiART  9.— Experiment  659  represents  the  Temperature  Curve  of  a  Calf  nnon 
which  Infected  Brown  Adult  Ticks  had  been  Fed.    The  Jnd  S 

tKlooT  presence  of  the  small  rod  and  ring  piroplasm  in 

Iiemarks.~Twenij-one  days  after  the  infected  brown  adults 
nad  ted  on  tins  calf  tlio  small  piroplasm  appeared  in  the  blood. 
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The  temperature  curve  is  only  slightly  affected,  and  the  calf  shows 
no  symptoms  of  amakebe. 

From  the  foregoing  experiments  it  may  be  concluded,  then, 
that  the  appearance  of  Firoplasina  higcininiinn  or  of  the  small  rod 
and  ring  form  of  piroplasm  in  the  blood  of  a  susceptible  calf, 
whether  introduced  by  the  injection  of  blood,  or  in  the  case  of  the 
latter,  by  the  agency  of  the  brown  tick,  is  not  accompanied  by  the 
symptoms  of  amakebe.  It  also  is  seen  from  these  experiments 
that  the  small  rod  and  ring  form  is  inoculable,  is  carried  by  the 
brown  tick,  and  the  incubation  period  is  long.  This  corresponds 
with  the  description  given  by  Dr.  Theiler,  Pretoria,  of  the  piro- 
plasm discovered  by  him  in  the  Transvaal,  and  nam,ed  by  him 
Piroplasma  mutans. 

We  may,  therefore,  consider  that  the  two  piroplasms  which 
constantly  occur  in  the  blood  of  Uganda  cattle  are  those  known  as 
Piroplasma  higeminmn  and  Piroplasma  mutans,  and  that  neither 
is  the  cause  of  amakebe. 

75  Amakebe  Inoculable  ? 

It  has  been  shown  that  blood  containing  either  Piroplasma 
bigeminum.  or  Piroplasma.  mutans  if  injected  into  susceptible 
cattle  will  give  rise  to  these  diseases.  Is  it  equally  true  that 
amakebe  is  inoculable? 

The  following  experiments  were  carried  out  to  obtain  an  answer 
to  this  qiiestion  :  — 

Experiment  1,902. 

To  ascertain  if  Blood  taken  from  an  Animal  suffering  from 
Amakebe  and  injected  into  a  susceptible  Calf  will  give  rise 
to  the  Disease. 

February  22nd,  1909.- — This  calf  was  born  last  night.  Placed 
in  tick-free  shed. 

February  2Gth. — Injected  with  a  5  c.c.  blood  from  calf,  Experi- 
ment 430,  suffering  from  amakebe. 

The  following  chart  shows  the  result :  — 
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Chart  10  —Experiment  1,902  represents  the  Temperature  Curve  of  a  Calf 
into  which  Blood  from  a  Case  of  Amakebe  has  been  injected. 


Remarks. — The  temperature  curve  is  not  disturbed  by  the  in- 
jection of  amakebe  l)lood,  nor  is  the  calf  affected  in  any  way. 
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Experiment  1,903. 
The  above  experiment  repeated. 
August  20tli,  1909.— Inien+prl 

juice  from  calf.  Experiment  ?  S^r  "^'^T  ^ 

amakebe.  penment  1,387,  wbicli  is  suffering  from 


n^:^'"-^'''         °*      i"j«Wo'>  of  amakebe  Mood  i.  „g„i. 

Experiment  1,904. 
The  above  experiment  again  repeated. 
August  21st,  1909.-Injected  amakebe  blood. 


Chart  12.-Experiment  1,904  represents  the  Temperature  Curve  of  a  (hU 
mto  which  Blood  from  a  Case  of  Amakebe  has  been  inYeSeS 


Rewarli's . — Resul t  negative . 


Experimejot  1,905. 
September  24th,  1909.— Injected  amakebe  blood. 


Chart  13.— Experiment  1,905  represents  the  Temperature  Curve  of  a  Calf 
mui   into  which  Blood  from  a  Case  of  Amakebe  lias  been  injected. 


Remarks. — Result  negative, 

15477 


G 


98 


On  three  other  occasions  (Experiments  G59,  1,585,  and  1,586) 
was  tins  experiment  repeated,  and  always  with  a  negative  result. 

It  may  be  concluded,  then,  that  amalcebe  differs  from  Piro- 
plaxma  hifjeviiniim,  and  Piroplasma  vivtanx,  in  that  it  is  not 
inociilable,  whereas  the  latter  diseases  are. 

Result  of  Exposing  Svsceptible  Calves  in  a  Kraal  Contaminated 

by  Amakehe. 

Kampala,  the  native  capital  of  Uganda,  has  a  bad  reputation 
for  amakebe.  This  is  probably  due  to  the  number  of  calves 
stabled  in  the  vicinity.  Kampala  has  a  large  population  of  both 
Europeans  and  natives,  and  the  milk  supply  is  obtained  from 
private  cows  kept  in  the  town.  The  herds  of  cattle  belonging  to 
different  individuals  are  grazed  in  various  parts  of  the  country, 
but  as  soon  as  a  cow  has  calved,  she  is  sent  into  Kampala  to 
provide  milk  for  her  owner.  Almost  all  the  calves  brought  in 
die  of  amakebe,  which  brings  about  an  unhealthy  state  of  things 
in  the  cattle  kraals  where  the  calves  are  kept  diiring  the  day. 

The  following  experiments  will  show  the  effect  of  exposing 
To  ascertain  the  Effect  of  exposing  a  susceptible  Calf  in  a  Kra«a] 

Experiment  1,590. 

To  ascertain  the  Effect  of  exposing  a  susceptible  Calf  in  Kraal 
contaminated  by  Amakebe. 

October  11th,  1909. — Sent  this  calf  into  Kampala. 
October  17th. — Returned  from  Kampala. 

The  following  chart  shows  the  course  of  the  temperature,  and 
the  presence  or  absence  of  Piroplasma  bigeminnm  or  the  small 
rod  and  ring-formed  piroplasma  in  the  blood  :  — 
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OtiART  14.— Experiment  1,590  represents  the  Temperature  Curve  of  a  Calf 
which  has  been  exposed  in  a  Kraal  contaminated  by  Amakebe.  The  plini 
and  mbmn  signs  show  the  presence  or  absence  of  Pirophimui.  hUfeminum  or 
the  small  rod  and  ring  piroplasm  in  the  blood. 

7?ema?"Z',<!.— The  result  of  exposing  this  calf  to  a  contaminated 
kraal  is  an  attack  of  amakebe,  ohai-acterised  by  high  fever,  swollen 
glands,  and  death, 


Experiment  .1,593. 

To  ascertain  tlxe  Effect  of  exposing  a  susceptible  Calf,  as  in  tlie 

previous  Experiment. 

October  lltlx,  1909._Tliis  calf  sent  into  Kampala. 
October  irtli.-Returned  from  Kampala. 

tb Jnvi!!!"'"'''^"  f^'^"*  i'epre.sents  tbe  course  of  tbe  disease,  and 

piroohTi.?  f7  u''T  bigemimcm  or  the  ;ma]l 

piiopiasm  m  tne  blood  :  — 


1  ^ 

IS 

SI 

108° 
10Cf= 
106° 
105° 
lO-^ 
103° 
102° 
101° 
100° 
89° 
96° 
83r° 
i  96° 
95° 

i 

t 

-1 

f 

■ 

1 

i 

f  n 

1/- 

y 

\ 

UJI 

I'Mff. 

3m&ll 

+ 

+ 

+ 

+ 

+ 

+  + 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

GnAKT  IS.-Experiment  1,593  represents  the  Temperature  Curve  of  a  Calf 
which  has  been  exposed  in  a  Kraal  contaminated  by  Amakebe.  The  plus 
and  mams  signs  show  the  presence  or  absence  of  Piroplasma  hineiniminAiid 
the  small  rod  and  ring  piroplasm  in  the  blood. 

It  is  evident,  tlieu,  that  tlie  exposure  of  susceptible  calves  for  a 
few  days  m  a  kraal  wliere  amakebe  is  common  is  followed  by  a 
serious  illness.  Tliere  is  liigli  fever,  glandular  enlargement, 
emaciation,  and,  as  a  rule,  deatli.  Tliis  disease  lias  been  sliown 
to  be  caused  neither  by  Piroj)lasma  bigeminnvi  nor  FiruiAasvia 
mutans.    What,  then,  is  it  caused  by  ? 


Examination  of  the  Blood  in  Amakebe. 

When  the  blood  of  an  animal  suffering  froju  aniakebo  is 
examined,  many  small  piroplasms  will  be  seen  (Plate  .10,  Fig.  3) 
which  api>ear  to  be  of  the  same  size  and  shape  as  PiroiJlasma 
■mutans,  and  sometimes  a  few  Pi'wplasma  higeminum;  otherwise, 
no  new  parasite  can  be  said  to  have  come  into  the  blood.  This 
mcrea.se  in  the  number  of  the  small  piroplasms  in  tbe  blood  of 
a  calf  suffering  from  amakebe,  may  be  explained  by  saying  that 
the  severe  illness  bas  led  to  an  excessive  multiplication  of  the 
Piroplasma  mutans  wliicb  was  already  in  the  blood.  Or,  on  the 
other  hand,  it  may  be  that  another  species  of  piroplasm,  similar 
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in  size  and  shape  to  Piroplasma  mutans,  has  appeared  in  the 
blood,  and  that  the  phenomena  of  amakebe  are  due  to  it. 

Marginal  Points. — -Besides  the  large  and  small  piroplasms, 
another  kind  of  body  is  found  in  the  red  blood  corpuscles,  which 
Theiler  has  called  marginal  j)oints.  In  a  lecture  delivered  by 
him  in  August,  1909,  at  Nairobi,  in  British  East  Africa,  and 
published  in  the  "Agricultural  Journal  of  British  East  Africa," 
October,  1909,  he  states:  "I.  have  recently  some  to  the  conclu- 
sion that  the  disease  called  gall-sickness,  and  hitherto  looked  on 
as  a  sequel  of  redwater,  is  due  to  the  presence  of  another  parasite, 
which  I  have  called  '  Marginal  Points  '  owing  to  their  position 
in  the  red  blood  corpuscles.  Gall-sickness  is,  therefore,  a  sepa- 
rate and  distinct  disease."  Dr.  Theiler  considers  it  proved  that 
this  new  disease  is  transmitted  by  the  blue  tick.  This  all  shows 
how  complicated-  and  difficult  to  distinguish  are  the  diseases  of 
cattle.  An  ox  may  have  Piroplasma  higeminum,  small  rod  and 
ring-shaped  piroplasms,  marginal  points,  and  one  or  two  species 
of  trypanosome  in  its  blood  at  the  same  time.  To  which  parasite 
have  the  different  phenomena  of  the  disease  to  be  credited  ? 

The  two  following  tables  give  the  blood  examination  in  two 
cases  of  amakebe,  and  illustrate  this  complexity :  — 

Experiment  1,387. — Blood  Examination  in  a  Case  of  Amakebe. 


Date. 


1909. 

28  ... 

29  ... 
„  30  ... 
„     31  ... 

August  1  ... 

„     2  ... 


July 


3 
4 
5 
6 
7 
8 
9 
10 
11 
13 
14 
1(5 
19 
23 
24 


Parasites  in  Blood. 

No.  of  Red  Blood 

Corpuscles  in 

1  c.  mm.  of  Blood. 

Piroplasma 

Small  Rod  and 

Marginal 

Normal 

higeininum. 

Ring  Forms. 

Points. 

10,000,000. 

+ 

+ 

+ 

-1- 

5,420,000 

+ 

+  + 

5,670,000 

-i- 

+ 

+  + 

5,680,000 

-t-  + 

+ 

+ 

+ 

+ 

+  + 

4,420,000 

+ 

+  +  + 

+ 

+  + 

+  +  + 

4,540,000 

-1- 

+  + 

4,500,000 

2,890,000 

+  +  + 

-+- 

2,820,000 

.  The  parasites  to  be  found  in  a  case  of  amakebe. 
I'he  plus  xiwi  viuniH  signs  show  the  presence  or  absence  of  these  bodies  in  the 
blood.  The  fourth  column  gives  the  number  of  red  blood  corpuscles  in  a  cubic 
millimetre.    -|-  present,  -f-  -|-  numerous,  -|-      -j-  very  numerous. 


Table  I.,  Experiment  1 ,387. 

The  7)?M«  and  vilnus  signs  shov 
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Experiment  l,636.-Blood  Examination  in  a  Case  of  Amake 


be. 


Date. 


Parasites  in  Blood. 


Piroplasma 
biffenlnum. 


Small  Eod  and 
Ring  Forms. 


October 


1909. 

September  24  .. 
n  '     27  .. 

28  .. 
M  29 
30  .. 
1  .. 
2 

4  .. 

5 

6  .. 

7  .. 

8  .. 

9  .. 

11  .., 

12  .., 


Marginal 
Points. 


I  Tri/pumsoma 
]  vivux. 


+ 


+ 


+ 
+ 




— 

-f 

+ 

+ 

+ 

+ 

++ 

+ 

■  + 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 


+ 
+ 
+ 
+ 


v.J^nJlfh^f^^^t'^^'li  P'^^-'^^ites  found  m  a  case  of  amakebe.   The  plus 

and  mums  sigus  show  the  preseuce  or  absence  of  these  bodies  in  the  blood  ^ 

Remarks. —l^vom  tliese  two  tables  it  will  be  seen  that  small 
piroplasms  and  margmal  points  are  commonly  found  in  amakebe 
and  tliat  trypanosomes  may  also  be  present. 

The  marginal  points  are  small,  deeply-staining  bodies,  usnallv 
placed  near  the  edge  of  a  red  blood  corpuscle  (Plate  10,  Eig. 
It  these  bodies  really  constitute  a  new  and  undescribed  parasite, 
the  discovery  will  be  one  of  the  greatest  interest.    Bodies  similar 
m  every  way  to  these  are  found,  however,  in  healthy  young 
rats,  goats,  calves,  &c.,  so  that  it  is  difficult  to  believe  at  once 
m  their  parasitic  nature.    Eather  would  they  appear  to  be  cell 
enclosures,  due  to  rapid  changes  taking  place  in  the  blood,  such 
as  take  place  in  young  animals  or  in  anasmias.      In  amakebe 
they  are  sometimes  very  numerous,  and  it  requires  no  great, 
stretch  of  the  imagination  to  see  in  them  the  youngest  stage  of 
the  intra-corpuscular  parasite,  which  from  being  round  becomes 
wedge-shaped,  oval,  or  circular,  and  rod-shaped.    It  may  be 
that  both  these  views  are  true — that  some  of  the  so-called  mar- 
ginal points  are  remains  of  chromatin  from  some  previous  nuclear 
structure,  and  that  others  are  the  earliest  stages  of  an  iutra- 
cdrpuscular  parasite.    More  work  is  required  before  any  definite 
conclusion  can  be  arrived  at. 

Koch'ti  Granules  or  Blue  Bodies. — Another  body  wliich  may 
sometimes,  though  rarely,  be  seen  in  the  blood  of  amakebe  calves, 
is  one  similar  to  that  first  described  by  Koch,  and  known  as 
Koch's  Granules  or  Blue  Bodies.  They  are  found  principally 
in  the  spleen,  lymphatic  glands  and  liver,  where  they  may  be 
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{juite  uuiuerous.  Stained  by  G-ieinsa  the  body  appears  as  a  blue- 
coloured  cell,  filled  with  coarse  cliromatiu  grauules  (Plate  10. 
Fig.  5). 

The  following  table  gives  cases  of  amakebe  in  which  these 
bodies  were  found  :  — 


Experi- 
ment. 

Date. 

Spleen. 

Liver. 

Lymphatic 
Glands. 

Kidney. 

LiUllST. 

Blood. 

1909. 

415 

May  10 

+ 

1392 

July  24 

+ 

1.593 

Nov.  10 

+ 

Ifaoo 

Uct.  0 

1      1  1 

+  +  + 

1      1  1 

+  +  + 

1      1  1 

+  +  + 

1634 

„    18  ... 

+  + 

+  + 

+ 

+ 

+ 

1635 

„    15  ... 

+ 

1636 

„    12  ... 

+ 

+ 

+ 

+ 

-t- 

1637 

„      6  ... 

+ 

+ 

+ 

+ 

+ 

1638 

„      6  ... 

+  + 

+ 

+  + 

+ 

+ 

+ 

1833 

+ 

+ 

+ 

1888 

Nov.  5 

+  + 

1891 

„     8  ... 

+ 

1908 

„    14  ... 

+  + 

Table  III.,  showing  the  presence  of  blue  bodies  in  cases  of  amakebe.  +  present, 
+  +  numerous,  +  +  -f  very  numerous,  —  absent. 


Diagnosis  of  Amahehe. 

What,  then,  is  amakebe?  In  the  opinion  of  the  Commission 
it  is  the  disease  of  cattle  discovered  by  Koch,  and  named  by  him 
East  Coast  Fever.  The  chief  ground  for  this  opinion  are,  the 
symptoms  during  life,  the  appearances  after  death,  the  occur- 
rence of  a  small  piroplasm  in  the  blood  indistinguishable  from 
Piroplasma  parvum,  and  lastly  and  chiefly,  the  presence  of  the 
blue  bodies  in  the  spleen  and  other  organs.  These  bodies  have 
never  been  known  to  occur  in  any  other  disease,  and  the  diag- 
nosis of  East  Coast  fever  is  made  in  South  Africa  if  such  bodies 
are  found  in  spleen  sniears. 

Conclusions. 

1.  The  blood  of  cattle  in  Uganda  almost  always  contains  Piro- 
plas'iiui  hi(j(;ininurri  and  Piroplasma  mutam,  and  the  cattle  arc 
therefore  immune  to  these  two  diseases. 

2.  The  disease  of  calves  called  amakebe  is  East  Coast  fever,  so 
that  very  many  of  the  cuttle  in  Uganda  are  almost  immune  to  this 
disease. 

3.  Owing  to  the  nature  of  East  Coast  fever,  inasmuch  as 
animals  recovered  from  the  disease  are  no  longer  infective,  some 
calves  may  escape  attack  of  amakebe,  and  so  remain  susceptible. 
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wliJ^''''  tlie  Sesse  Islands  escape  amakehe,  and 

wlien  as  grown-up  cattle  tlxey  are  transferred  to  tlie  mainland, 
they  mostly  die  of  East  Coast  fever.  ^iuuum, 

5.  Tlie  carriers  of  East  Coast  ieYev—Rhipicephalvs  appendicv- 
kans  ov  brown  tick;  Rhipicephalns  evertsi,  or  red-]e//od  tick; 
and  IJupzcephalus  simns-are  all  common  in  Uganda. 

DESCRIPTION  OF  PLATE  10. 

n/ph.Lr'^^^  7*^°  "PP^'"  corpuscles  show  the  characteristic  pear-shaped  forms 
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